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Metering Structure
1.5 m long x 45 cm dia.

Spectrometer

Spin Rate
~15 RPM

Spin Axis
(to Sun Center

within 0.2 degree)

Solar Aspect System (SAS)
Lens 4-cm dia. (1 of 3)

Van Beek Grid
(1 of 5)

Tecomet Grid
(1 of 4)

Rear Grid
(1 of 9)

Roll Angle
System (RAS)

Flexure Mount
to Spacecraft
(1 of 3)

SAS Linear
Diode Array
(1 of 3)

Attenuators

PMT RAS

Time-Tagged Detector Counts

Cryostat

Sunpower
Cooler

Aluminum Cover, Beryllium
Windows Over Detectors

Germanium
Detector
(1 of 9)
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Reconstruction

Rotation Angle

C
o

u
n

t
R

a
te

10 arcsec

186"

3.9" 6.9"

35.8"20.7"11.9"

62.1" 107"

2.3"10 arcsec

1 keV 10 keV 100 keV 1 MeV 10 MeV 100 MeV
Photon Energy

F
lu

x
(p

h
o
to

n
s

cm
-2

s-1
k
e
V

-1
)

10-5

100

10
5

0.1 MeV 1 MeV

Model Spectrum

10 MeV

Photon Energy

10-5

10-4

10-3

10-2

10-1

10 0

F
lu

x
A

b
o
ve

P
o
w

e
r

L
aw

(p
h
o
to

n
s

cm
-2

s-1
k
e
V

-1
)

Count Rates in Each Detector for One Rotation

Ñ+ª¼ÒaÖE°�©GÛ0ã�� '=3X30s^wb`M"��&N B @CJ ý @C>.@�Jr[!3�JK-2+.@C8 �Mh�' ý 1
3�E�F!/2+ ý @CBR/21
3r"�$x%^'*'�)&+�8
-S/2JSg4E�3K8*/+�>�>�g4-S/2JKF!/2+�84W0/21
3b+.EGF�WC+�8
Wr-2Id3 ý /2JK@�- ý @CI*i�h�O�`lJKF�i�-^F�84TfW�F!E�E�FC`cJKF�i�-^B�JK@�E�/21
3R'�g*8|L�g*I�I�3KJ
>.3�Bc/KQ�I4F!-S-0/21�JK@�g4W�17/21
3q-2>�+./S-5@CBe/21
3qB�JK@�8*/rF�84T�JK3�F�J5WCJS+.T*-0@CBG3�F ý 1y@CBG/21
3m8*+�843pWCJS+.TI4F�+�JK-�/S@&JK3�F ý 10/21
3&W!3�JKE�FC8*+�g
E�T�3�/S3 ý /S@CJ�h*;&-P/21
3&-2I
F ý 3 ý JKFCBc/^JK@�/SF!/S3�-^/21
3&T*3�/S3 ý /S@�J ý @�g�8*/JKF�/S3�-�F�JK3R/S3�E,I�@�JKFC>�>.i0E�@�T�g�>.F!/S3�T|L�>.@�]^3�J�>.3�Bc/KQ�h
n^143�-S3REG@�T=g*>.F�/2+.@�84- ý F�80a�3RFC8
FC>.i��X3�T0/S@JK3 ý @�84-S/2JSg ý /^/21
3^+.E�F�W!3�h�n^143�W!3�JKE�FC8*+�g
E�T�3�/S3 ý /S@CJK-PFCJK3 ý JKi!@�W�3K8�+ ý F�>�>�i ý @�@C>.3XT�/S@&I*JK@�[�+.T�31�+.W�1f-2I�3 ý /2JKF�>4JK3�-S@C>�g
/2+.@C8 ý FCI
FCa*>.3&@�B4JK3�-S@�>.[�+�84W,8
FCJSJK@�] W�F�EGE�FC`cJKF�i,>�+�8
3�-^FC8
T�-S/S3�3KI�-S@C>.F�Jý @C8*/2+�8�g*g
E -2I�3 ý /2JKF5L�g�I*I�3�JxJS+.WC1*/KQ�h�n^1
3,F!/S/S3�8�g4F!/S@CJK-RF�JK3&+�84-S3�JK/S3XTqF�g4/S@!E�F�/2+ ý F�>�>.i|]^143K8/2143 ý @�g�8*/PJKF�/S3&F�I�I*JK@�F ý 1
3�-�-SF�/2g*JKF�/2+.@�8Vh
n^143x'�;R'�FC8
T�"b;<'�I*JK@C[�+.T*3R-S@C>.F�J�I�@C+�8*/2+�8
W�FC8
TJK@C>�> F�-2I�3 ý /b+�8*Bc@CJKE�F!/2+.@C8Zh

���������
	���
���� ��������������������� � ��������� � !#�$���



± � ���������
	���
��������

n�FCa*>.3G) h^"�$x%^'*'�)�s_1
FCJKF ý /S3�JS+.-S/2+ ý -
)lF*h�)�84-S/2JSg
E�3�8*/xs_14F�JKF ý /S3KJS+.-S/2+ ý -
%�843�JKW!ir"�FC8
W�3 �,��3X�7/S@r~��eN03��
%�843�JKW!ir"�3�-S@�>�g4/2+.@�8VLc��� $&N5Q ��0~&��3X�7F�/��R��3��e\�+�8 ý JK3�F�-2+�8
W0/S@G�R����3��9F�/x�,N03��
;b8
WCg*>.FCJ<"�3�-S@C>�g
/2+.@C8 ÿ=h ��FCJ ý -S3 ý /S@r~$� ����3��e\4�eFCJ ý -S3 ý /S@ 	�������3��,\

�!��FCJ ý -S3 ý /S@r~��,N03X�
n�3�E,Id@CJKFC> "�3�-S@C>�g
/2+.@C8 ÿ,-^Bc@CJxT*3�/SFC+�>.3XTm+.E�F!W�3�\
/S3�8
-&@CB E�-^Bc@CJ�a
F�-2+ ý +.E�F�W!3
�V+.3�>.T5@CB [�+.3�] ��g*>�>P'�g�8ALM�7~ � Q
% ��3 ý /2+.[!3,;�JK3�FrL�I*14@!/S@CI�3�F��
Q � ~ ��� Ì ý E Ã F�/��,��3��,\d�&�0ÿ ý E Ã F�/R~$�e��3��

Lc]^+./210F!/S/S3�8�g
F�/S@CJK-x@Cg
/KQ�\��&� � ý E Ã F!/�~ ������3X�,\
�z~�� ý E Ã F�/��eN03��

w&3X/S3 ý /S@CJK- ��W�3KJKE�FC8*+�g4E T�3�/S3 ý /S@CJK-RLM�=h.~�` ý E�T�+.F�h �A��h � ý E�Q�\
ý @�@�>.3�T0/S@��9��� 
 ]^+./21m'=/2+�JS>�+�8
WC` ý i ý >t3
E�3 ý 1
FC8*+ ý FC> ý @�@C>.3�J

)lEGF�W�3KJ �,I
FC+�JK-&@�BPWCJS+.T*-�\�]^+./21rI*+./ ý 1
3�-&B�JK@!E ��	GE,+ ý JK@C8
-
/S@�ÿ�h��!�,E�Er\*F�84T|~!h��!��`ME�WCJS+.T0-S3�I
FCJKF!/2+.@C8

;&-2Id3 ý /x'=i�-S/S3XE '=@�>.FCJ<;&-2I�3 ý /&'�i�-S/S3�E��Z'�g*8 ý 3�8*/S3KJR/S@��7~<FCJ ý -S3 ý
"�@C>�>P;b8
WC>.3G'�i�-S/S3�E��4"�@�>�>�/S@��7~RFCJ ý E,+�8

:bg
ERa�3�Jx@CB�j
FCJK3�-x3�6�I�3 ý /S3�T �,~$� ����+.E�F�W!3�T0/S@r�7~ ������3X�
�&/S3�8
-b]^+./215-2I�3 ý /2JK@�- ý @�I*ir/S@�� ~ ��N03��

) aZh�'�I
F ý 3 ý JKFCBc/xs_14F�JKF ý /S3KJS+.-S/2+ ý -
N0F�-S- n�@�/SF�>	ÿ �*~�h.~&�*W�\*+�84-S/2JSg
E�3�8*/e~�� ��h �D�*W
Y�@�]^3�J n�@�/SF�>	ÿaÿ���h 	��z\*+�84-S/2JSg
E�3�8*/e~
	�ÿ=h ���
'�+.��3 ~�h.~���E�T�+.F�EG3�/S3�J�\Iÿ=h ���GE 143�+.W�1*/�\

��h�� 	�E�/2+�I�`M/S@�`2/2+�I5]^+./215-S@�>.FCJ&I
FC8
3�>.-xT�3�I*>.@�i�3�T
n�3�>.3�EG3�/2JKi 	�Nra*I4-�\�T*@�]o8*>�+�8*��\+ÿ���a*I
- ý @!E�E�FC8
T�g*I*>�+�8��
�b8*`lad@�FCJKT0-S/S@�JKF�W!3 	�vba*i�/S3e-S@C>�+.T5-S/SF�/S3RE�3�EG@CJKi
;�/S/2+./2g4T*3 ~���JSI
E?-2I�+�80JKF!/S3�\�I�@�+�8*/2+�84Wf/S@ ��� ÿ � @CB('�g*8 ý 3�8*/S3KJ
) ý h�Nr+.-S-2+.@�8 s_14F�JKF ý /S3KJS+.-S/2+ ý -
�VF�g�8 ý 15w&F�/S3 �43Ka�JSg
FCJKi��=\"ÿ�����ÿ
�VF�g�8 ý 15�_3�1*+ ý >.3 Y�3�W!F�-2g
-&O �
�bJSa*+./ �!� � +�8 ý >�+�8
F�/2+.@C8 \V� ���,�*E?FC>./2+./2g
T�3eFCId@�W�3X3�\

�C���e�*E I�3�JS+.W�3X3
:&@!E,+�8
FC>PNr+.-S-2+.@C8 ��+�B 3�/2+.E�3 ÿ,i!3�FCJK-�\
�CJKT0i!3�FCJ�1*+.WC1*>.i0T�3�-2+�JKF�a�>.3

���������
	���
���� ��������������������� � ��������� � !#�$���



����������� ± 	

Ñ+ª¼ÒaÖE°�©�ò0ã ' ý 143�EGF�/2+ ý -214@�]^+�84Wf/2143&I
FCJKF!E�3�/S3�JK-x/214F!/�T�3�U*8
3,/21
3&+.E�F�W�+�84W ý FCI
FCa*+�>�+./2i

_BV^fg��`+<LJ0h"J)_B`+Jw`+<Lt"`+J0KB_GKB|	J0�0_BTafgr�TBJ0KBV.r?S+_B<?V">}¯�y�<?t"S+TBJ � }P°�VgU�f�>Ii |+TBJ0KeJ0>I_BrLi
fEhof�<?rsfg}+r?J t,fg]�] fE��T�fEi�X+J0_BJ0�0_BV.T�8�b�K^_B`+J�KB|	fg�0J0�0TafEU�_ TeV"_�fg_BJ0KED�_B`+J�7�[�l�K
�0V">,h"J0TB_ _B`+J KB|	f�_B<sfgr�<?>,UWV"TB] fg_B<?V.>�U�TeV"] _B`+J5KBV"S+TB�0J5<?>I_eVz_eJ0]�|2V"T�fgr�]^VIX,�
S+rsf�_B<?V"> VgUZ_B`+J'|+`+V"_BV"> �0V"S+>I_e<?>+tûT�f�_BJ0K VgUZ_B`+J�N�J0H)KE8�p�`+J�<L>+KB_BTBS+]^J0>I_
J0r?J0�0_eTBV">+<?�0Kwfg]^|+r?<�UWi"D2KB`	fg|	J"D�fg>+X�X+<?t.<?_B<?�0J _B`+J N�J0H�KB<?t">	fgrLK�D	|+TeVoh,<?X+J9r?Vgn��
h"V.r?_�fgt"J�|2Von�J0T�fg>+X�N�J0H `+<Lt"`�h.V"r?_�fgt.J"DEU�V"Te]�fg_�_B`+JGX	fg_�f+D,fg>+X^<?>I_eJ0T�U�f��0J�_BV
_B`+J)Ke|	fg�0J0�0T�fEUW_�J0r?J0�0_BTeV">+<?�0K�8
p�`+J%J0>+J0Tet"iZfg>+XZfgTBTB<?hgfgr+_B<?]^J�VgU=J0h"J0TBiw|+`+V._BV">�Dg_BV"t.J0_B`+J0T�n�<?_B`9\,bó\ fg>+X

7Gbó\�X	fg_�f+DEfgTBJ£TeJ0�0V"TBX+J0Xw<L>w_B`+J�KB|	fg�0J0�0TafEU�_ ��K�V">,��}2VIfgTBX � �BN�},iI_eJ£KBV"rL<?X,��KB_�fg_eJ
]^J0]�V.TBi5¯WKB<L�0J0Xw_BVG`+V"r?X9fgr?r"_B`+J�X	fg_afqU�TeV"]1_e`+J£rsfgTet"J0KB_b®QfgTBJ*°�fg>+XOfgS+_eV"]�f�_B<��
��fgrLr?iw_BJ0rLJ0]�J0_BJ0TeJ0XOn�<?_B`+<?> � � `+V"S+TBK�8gj <?_B` _B`+J0KBJ�X	fg_af+Dg_B`+J ����T�fEi ��tIfg]^]�f»�
T�fEi'<?] fgt"J0K9��fg>û}2J TBJ0�0V.>+KB_BTBS+�0_BJ0X�V">û_e`+J t"TBV.S+>+X�¯WKBJ0J y�<Lt"S+TBJ 	 °08qp�`+J
<?>+Ke_BTBS+]^J0>I_
�ÝK!� ± � ¡	J0rLX4VgU�h,<?J0n�<?K9]ZS+��`'n�<?X+J0T9_B`	f�>4_B`+J�� ² 	 � � KBV"rsfgT
X+<sf�]�J0_BJ0TED"KBV�f�r?r_®QfgTBJ0K�fgTeJ)X+J0_BJ0�0_BJ0X�D	fg>+X5|	V"<L>I_B<L>+tO��f�> }	JOf�S+_BV"] fg_BJ0X�8

	 8 ±I8���� %���( +�� ��� 1 '  ��

b X+J0_�fg<?rLJ0X4X+J0KB�0TB<?|+_B<LV">4VgU)_B`+J 7óRG�£\+\,�9<?] fgt"<L>+t _BJ0�a`+>+< �,S+J <?KZt.<?h"J0>4<?>
R�S+T�UWV"TBX�J0_Ofgr�8x¯ � ²�² � °08Yb�_w`	fgTeX ����T�fEizf�>+X�tIfg]^]�fo��T�f0i^J0>+J0TBt"<?J0KED=S+>+r?<?m"J
KBV�U�_ ����Taf�i,K�D�� ��¢OD�f�>+X r?V">+t"J0T^n�fEh"J0r?J0>+t"_B`�J0]�<LKBKB<?V">+KED�U�V,�0S+KB<?>+t4V.|+_B<?�0K
fgTeJO>+V._GU�J�fgKe<?}+r?J"8�p�`+J9V">+r?i�h,<sfg}+r?J ]�J0_e`+VIX�VgU�V"}+_�fg<?>+<L>+t fgTB�0KBJ0�0V">+X,���0rÈfgKBK
<?] fgt"J0K�<?>9`	fgTBX ����Taf�i,K�fg>+X9tIfg]^]�fE��Taf0i,KQn�<?_B`+<?>9_B`+J�\,[������0V">+KB_BT�f�<?>I_eK�<?K
n�<L_B`�y2V"S+TB<?J0T���_BT�fg>+K�UWV"TB] <?] fgt"<?>+t	DgKe<?]�<LrsfgT�_BV9_B`	fg_�S+KBJ0X <?> _B`+J)|+<?V.>+J0J0TB<?>+t

���������
	���
���� ��������������������� � ��������� � !#�$� "



± � ���������
	���
��������
R�<?>+V"_BV.TB<=TBV"_�fg_e<?>+tZ]^VIX+S+rsf�_B<?V">^�0V"r?r?<L]�fg_eV"Tf¯W[�fgm,<?KB`+<L]�f�J0_ófgr�8?D^±��
� ��°�fg>+X
�£V"`+m.V"`�RGfgTBX ����T�fEi�p�J0r?J0KB�0V"|2J9¯�R �)p�°A¯��GV.KBS+t"<£J0_Zfgr�8?D&±��
�V±4°08=7óRG�£\+\,�
S+KBJ0Kq>+<?>+J��0V"rLr?<?] fg_BV"TBKED0J�fg�a`Z]�f�X+J%S+| VgU�fG|	fg<?T£V�UQn�<?X+J0rLiOKeJ0|	fgT�fg_BJ0X t"TB<?X+K�8
�qfg��`5t"TB<?X5<?K�f |+rsfg>	fgT)fgTBTaf�i^VgU£J��,S	fgr?r?i.��KB|	fg�0J0X�D�����T�fEi"��V"|	f �IS+J KBrsfg_BK�KBJ0|,�
fgTafg_BJ0X },i _eT�fg>+KB|	fgTeJ0>I_GKBr?<?_eKp¯Wy�<Lt"S+TBJ ��°»8Qp�`+J9KBrL<?_BKGVgU%J�fg�a`�|	fg<?T)VgU£t.TB<?X+K
fgTeJZ|	fgT�fgrLr?J0r£_BV5J�fg�a`�V"_e`+J0TOfg>+X'_B`+J0<?T9|+<?_B�a`+J0K ¯�|P°Of�TBJZ<?X+J0>,_B<?��fgr�D�KBV5_B`	fg_
_B`+J)_eT�fg>+KB]^<?KBKB<LV">9_B`+TBV"S+t"`^_B`+J)t"Te<?X�|	f�<?T�X+J0|	J0>+X+KGV">�_e`+J)X+<?TBJ0�0_B<?V.>�VgU�_B`+J
<?>+�0<LX+J0>I_ ����Taf�i,K�8+y2V"T�KBrL<?_BK�fg>+X5KBrsfg_eK�VgU£J��,S	fgr�n�<?X+_B`�D+_B`+J9_BTafg>+KB]^<?KBKB<?V.>Z<?K
]^VIX+S+rÈfg_BJ0X UWTBV"] �0J0TeV _BV ��²�� fg>+Xô}	fg��m5_BV �0J0TBV^UWV"Twf^�a`	fg>+t"JZ<?>�KBV.S+TB�0J
fg>+t.r?J _BVô�0V"r?r?<?] fg_BV.TOf�­+<?K7¯WV"TB_B`+V.t"V">	fgr�_BV'_B`+J Ker?<?_BK!° VgUw|��";�n�`+J0TBJ�;�<?K
_B`+J�KBJ0|	fgT�fg_e<?V">Z}2J0_�n�J0J0>Zt.TB<?X+K�8,p�`+Jóf�>+t"S+rsfgT�TBJ0KeV"r?S+_B<?V.>O<LK£_B`+J0>^X+Ja¡	>+J0X fgK
|���¯ � ;�°08
y2V"T97óRG�£\+\,�aD�_B`+J5_BT�fg>+KB]^<?KBKe<?V">�VgU)_B`+J KBV"S+TB�0J |+`+V._BV">+KZ_B`+TeV"S+t"`'_B`+J

t"Te<?X+Kw<?K9]^VIX+S+rÈfg_BJ0X�},i�]^V"S+>I_e<?>+t _B`+J^<?>+KB_BTBS+]^J0>,_)V">�f5TBV._�fg_B<?>+t Ke|	fg�0Ja�
�0T�foU�_�8Ep�`+J ����T�fEi ��tIfg]^]�f»��T�fEi�X+J0_BJ0�0_BV"T�}	J0`+<L>+XO_e`+J%�0V.r?r?<?] fg_BVgT	TeJ0�0V"TBX+K�_B`+J
fgTeTB<?hof�r	_B<?]^J)fg>+X J0>+J0TBt"i^VgU�<?>+X+<LhI<?X+S	f�r�|+`+V"_BV">+KED�f�r?r?Vgn�<?>+t _B`+J)]�V,X+S+rsfg_eJ0X
�0V"S+>,_B<?>+t5T�fg_BJ _BV }2J�X+J0_BJ0Te]�<?>+J0X'fgKOf�U�S+>+�0_B<LV">�VgU�TBV"_afg_B<?V">�fg>+t.r?J"8�v�V"_BJ
_B`	f�_�_B`+J£X+J0_eJ0�0_BV"T�X+VIJ0K�>+V"_�>+J0J0Xw_BVG`	fEh"J£fg>,i)KB|	fg_B<sf�r"TBJ0KBV"rLS+_B<?V">)fg>+Xw`+J0>+�0J
��fg> }2JwV"|+_e<?]�<L�0J0XZUWV"T�`+<?t"` KBJ0>+Ke<?_B<?h,<?_�i�fg>+X J0>+J0TBt.i�TBJ0KeV"r?S+_B<?V.>�8
y2V"T%f�|	fgT�fgrLr?J0r+<?>+�0<?X+J0>,_£}2J�fg]zD._B`+J�]^VIX+S+rÈfg_BJ0X9n�f�h.JaU�V"Te]kt"J0>+J0T�fg_BJ0X^},i

f�KB]�V,V"_B`+rLiwTBV"_afg_B<?>+t)KB|	f��0J0�0T�fEUW_%`	f�K�f�X+<?KB_B<L>+�0_B<?h"J��,S	fgKB<ä��_BTB<sfg>+t.S+rsfgT�KB`	fg|2J
r?V,��fgr?rLi"8Çp�`+Jzfg]^|+r?<?_BS+X+J <LKZ|+TBV"|2V"TB_B<?V.>	fgr�_BV�_e`+J <?>,_BJ0>+KB<?_�i�V�Uw_B`+J }2J�fg]zD
fg>+X^_B`+J)|+`	fgKeJófg>+X^UWTBJ��,S+J0>+�0i�X+J0|2J0>+X V">^_B`+J)X+<?TeJ0�0_B<?V">ZV�U�<?>+�0<?X+J0>+�0J"8+y2V"T
�0V"]^|+r?J�­4KBV"S+TB�0J0KED£fg>+X Vgh"J0TZKB] fgr?rqTBV"_�fg_e<?V">ûfg>+t"rLJ0K�D�_B`+J�fg]�|+rL<?_BS+X+J fg>+X
|+`	fgKeJ�VgUQ_e`+J%n�fEh"JaUWV"TB]�|+TBVghI<LX+J�fGX+<LTBJ0�0_£]^J�fgKBS+TBJ0]^J0>,_�VgUáfGKe<?>+t"r?J�y	V.S+TB<?J0T
�0V"]^|	V.>+J0>I_�VgU�_B`+J�fg>+t"S+rÈfgT£X+<?Ke_BTB<?}+S+_B<LV">9VgU�_B`+J�KeV"S+TB�0J5¯WJ"8Ýt	8?D":�Te<?>+�0J�J0_�fgr�8?D
±�� �
� °08gH)< ��J0TBJ0>,_�y	V.S+TB<?J0T£�0V.]�|2V">+J0>I_eK%fgTBJG]^J�fgKBS+TBJ0X�f�_£X+< ��J0TBJ0>,_£TBV._�fg_B<?V.>
fg>+t.r?J0K�fg>+X n�<L_B`�t.TB<?X+K�VgU�X+< ��J0TBJ0>,_�|+<?_B�a`+J0K�8+y	V.T%7)RG�£\+\,��DY_B`+JwKBJ0|	f�T�fg_B<?V.>
}2J0_�n�J0J0>�t"TB<LX+K�<?>�J�fg�a` 7G[�l <?K);�� ±I8 ���9] fg>+X�_B`+J9t"TB<LX |+<?_B�a`+J0K)T�fg>+t"J
UWTBV"] |�� 	 ��� ] _eV � 8 ���9]^]�<?>�KB_BJ0|+KGVgU�� 	 8=p�`+<?KG|+TBVgh,<?X+J0Kóf�>+t"S+rsfgT�TeJ0K��
V"rLS+_B<?V">+K�KB|	fg�0J0X5r?V"tIf�TB<?_B`+]^<���fgr?r?i�U�TBV.] � 8 	 fgTB�0KeJ0�)_BV � � 	 fgTB�0]^<?>�D+fgr?rLVon�<?>+t
KBV.S+TB�0J0K�_eV�}	J�<?] fgt"J0XGVgh"J0T�f�n�<LX+J£T�fg>+t.J£VgU	fg>+t"S+rsf�T�KB��fgr?J0KE80H)< ��S+KBJ�KBV"S+Te�0J0K
rsf�TBt"J0T�_B`	fg> 	 f�TB�0]�<L>�fgTBJ�>+V._£<?] fgt"J0XZ}+S+_qUWS+r?r	Ke|	J0�0_BTBV.KB�0V"|+<?��<L>,U�V"Te]�fg_e<?V">
<?K�Ke_B<?r?r,V"}+_�fg<L>+J0X�8g[zS+rL_B<?|+r?J�KB] fgr?r?J0T�KBV"S+TB�0J0K�fgTBJ�<?] fgt"J0X TBJ0tIfgTeX+r?J0KBK�VgU=_B`+J0<?T
KBJ0|	f�T�fg_B<?V.>�8
��> f�`	f�r�UóTeV"_�fg_B<LV"> ¯ � K!°0D�_B`+J5>+<?>+J 7G[�l�K9]�J�fgKeS+TBJ�f�]�|+r?<L_BS+X+J0KZfg>+X

|+`	fgKeJ0K�VgU �q±�±4²�²Gy	V"S+Te<?J0T��0V"]^|	V">+J0>,_BK�U�V"T£fG_�i,|+<?��fgr,KBV"S+TB�0J�r?VI��f�_B<?V">�DE�0V"] �
|	fgTeJ0X�_BV 	�� y2V"S+TB<?J0Tq�0V"]^|	V">+J0>,_BK�UWV"T£_B`+J��£V"`+m"V.`�R �óp�D"KBV _B`	fg_�U�fgTq]�V"TeJ
�0V"]^|+r?J�­}®Qf�TBJ <?] fgt"J0K9��fg>�}	J5TBJ0KBV"r?h.J0X�8�b�rL_B`+V"S+t"`4V">+J5`	fgr�U)TBV"_�f�_B<?V">'<?K
TBJ��,S+<?TBJ0X _BVw]^J�fgKBS+TBJGfGUWS+r?r	KBJ0_qVgU�y	V"S+Te<?J0T£�0V"]^|	V.>+J0>I_BKEDg_B`+J�]^J�fgKBS+TeJ0]�J0>,_
VgUwJ�f���` �0V"]^|	V">+J0>,_Z_�f�m"J0K�V.>+r?iûf�Ke<?>+t"r?J5]�V,X+S+rsfg_B<LV">4�0iI�0rLJ"D£n�`+<L��`���fg>
}2J f�K)KB`+V"TB_)fgKq±I8 	 ]�K�U�V.T�_B`+J ¡	>+J0KB_)t.TB<?X+K�8=p�`,S+K�D=n�`+J0>��0V"S+>,_)T�fg_BJ0K)fgTBJ

���������
	���
���� ��������������������� � ��������� � !#�$� �



����������� ± �

KBS �^�0<?J0>I_er?i�`+<?t"`�D��0TBS+X+J5<?] fgt"J0KA¯ÈUWTBV"] fg}2V"S+_Z_BJ0>4y2V"S+TB<?J0T9�0V"]^|	V">+J0>,_BK!°
��fg> }2JwV"}+_afg<?>+J0X�D,<?> |+Te<?>+�0<?|+r?J"D,V"> _B<L]�J0KB��f�r?J0K£VgU�_BJ0>+K�V�UÇ]^<?r?r?<LKBJ0�0V">+X+K�8
l�`	fg>+t"<?>+t _B`+J KBJ0|	fgT�fg_e<?V">�¯�;�°�}	J0_�n�J0J0>�t"TB<?X+K)V.TwX+<?KB|+rÈfg�0<?>+t _B`+JZt.TB<?X+K

|	fgTafgr?r?J0r2_BV9_B`+J�Ker?<?_BKq`	fgK�r?<?_e_Br?J�J���J0�0_�V">^<?]�f�t"<?>+t)|	J0T�U�V"Te]�fg>+�0J"8.b1TeJ0rsfg_B<?h.J
X+<?Ke|+rsfg�0J0]^J0>I_)|2J0TB|	J0>+X+<?�0S+rÈfgTZ_BV5_B`+JZKBr?<L_BKOf ��J0�0_BK _B`+JZ|+`	fgKeJ�}+S+_9>+V"_ _B`+J
fg]^|+r?<?_eS+X+J VgUw]�V,X+S+rsfg_e<?V">�8�b�>,iûKeS+��` X+<?KB|+rÈfg�0J0]�J0>,_Zn�<Lr?r�}2J�fg�0�0S+T�fg_BJ0rLi
]^V">+<?_BV.TBJ0XZ},i�_B`+Jw\,b)\=D	fg>+X ��f�> }	J)UWS+r?r?i^�0V"]^|	J0>+K�f�_BJ0XZUWV"T�<?> _B`+J)<L]�fgt.J
TBJ0�0V.>+KB_BTBS+�0_B<LV">)|+TBV,�0J0KBK�8gp�`+J£�0TB<L_B<?��fgr"fgr?<Lt">+]�J0>,_=TBJ��,S+<?TBJ0]^J0>I_=<?K�f�KBKBV,�0<sfg_BJ0X
n�<L_B`)_B`+J£TeV"_�fg_B<LV">�V"T�_�n�<?KB_=VgU+V">+J£t.TB<?X)n�<?_e`)TBJ0KB|	J0�0_�_BV�_e`+J£V"_B`+J0T�fg}	V"S+_�_B`+J
r?<L>+J�VgU�Ke<?t"`,_�_BV�_B`+JqKBV"S+TB�0J"8»b4TBJ0rsfg_B<Lh"J�_�n�<LKB_=VgU	|��gH ¯WH �èX+<sfg]^J0_BJ0T=VgU�t.TB<?XP°
TBJ0X+S+�0J0KG_B`+J ]�V,X+S+rsfg_BJ0X f�]�|+r?<L_BS+X+Jóf�r?]�V.KB_�_BVZ�0J0TBV	8=p�`,S+K�D+_B`+J t"TB<?X |	f�<?TBK
]ZS+Ke_w}	J n�J0r?r�fgrL<?t">+J0X'<?>�_�n�<LKB_w_B`+TeV"S+t"`+V"S+_9_B`+J ]^<?KBKB<LV">�8=y	V"T9_B`+J^¡	>+J0Ke_
t"Te<?X+K}¯ � 8 	 f�TB�0KBJ0��TBJ0KeV"r?S+_B<?V.>P°�f ±0��fgTB�0]^<?> f�r?<?t">+]^J0>I_^<?K >+J0J0X+J0X�8)p�`,S+K�D
RG�£\+\,�9��fg>ûfg�a`+<?J0h"J f�TB�0KBJ0�a� �,S	fgr?<?_�i�<?] fgt"J0K9n�<L_B`�f�>û<?>+KB_eTBS+]�J0>,_w`	fEh,<?>+t
V">+rLi fgTB�0]^<?> fgr?<?t.>+]�J0>,_�TBJ��IS+<LTBJ0]�J0>,_BK�82p�V^]�<L>+<?]�<L�0J�_�n�<?Ke_�D,_B`+J9t"TB<?X+K)fgTBJ
fgrL<?t">+J0X fg>+X ]�V.S+>I_BJ0X |+TBJ0�0<LKBJ0r?iûV.> t.TB<?X _BT�fEi,K n�`+<?�a` f�TBJ�fg_B_�fg�a`+J0X _BV
V"|+|2V"KB<?_eJ)J0>+X+K�VgU£f9t"T�fg|+`+<L_BJa��J0|	V�­+i�KBS+|+|2V"TB_�_eS+}	J"8

	 8 ±I8�±I8 �������	�
p�`+Jô]�fg<L>û�a`	fgr?r?J0>+t"J0K5<?> U�fg}+TB<?��f�_B<?>+t'_B`+J�7)R��q\+\,� t"TB<?X+K n�J0TBJ�
0¯W<2°^_B`+J
J�­+_BTBJ0]^J0r?i ¡	>+J^KBr?<L_wfg>+X�Kersfg_)n�<?X+_e`+K ¯ � ² f�>+X?± � ]�<L�0TBV">+K�U�V"T 	 � ]^<?�0TBV.>
|+<?_e��`P°�TBJ��,S+<?TBJ0X U�V.T�_B`+Jq¡	>+J0KB_�t"TB<?X�DV¯W<?<2°=_B`+J�`+<?t"`{¯ ��²�
�±
°�fgKe|	J0�0_�T�fg_e<?V�V�U	_B`+J
KBrL<?_�n�<?X+_B` _BV t"TB<?X^_B`+<?�amI>+J0KeK�U�V.T�]�f
­�<?] S+] fg}+KBV"TB|+_e<?V"> �0V">+KB<LKB_BJ0>,_%n�<?_B` f
��± � ¡	J0r?X V�U�hI<LJ0nwD+fg>+X}¯W<?<?<2°�_B`+J�¡	>+Jw_BV.r?J0T�fg>+�0JGV">^_B`+J)TBJ0rsfg_e<?h"J�|+<?_e��`+J0K�V�U
_B`+J _�n%V t"TB<?X+KG<?> J�f���`5|	fg<?T|¯�
r±O|	f�TB_�<?> ±
²+D.²�²�² U�V.T�_B`+J ¡	>+J0KB_Gt"TB<?X5|	fg<?T!°08
p�J0�0V"]^J0_�D+��>+�"8LD+U�fg}+TB<?��f�_BJ0X _B`+J UWV"S+T�¡	>+J0KB_)t"TB<?X |	f�<?TBK|¯W|+r?S+K)f^_B`+<?TBX5KB|	fgTBJ
t"Te<?XP°�S+Ke<?>+t f U�V.<?r�KB_�fg�am,<?>+t�]^J0_B`+V,X <?>ôn�`+<?�a`z_e`+<?>�KB`+J0J0_BK)VgU�]�J0_�f�r�n�J0TBJ
|+`+V"_eVg��J0_B�a`+J0X�fg>+X�|+TBJ0�0<LKB<?V">�KB_�f���m"J0X�n�<L_B`�J0|	V�­�i�}2V">+X+<?>+t _eV |+TBVIX+S+�0J f
KBV.r?<?X^KB_BTBS+�0_BS+TeJA¯Wy�<?t"S+TBJ��"f+DYr?JaU�_�°08Ip�S+>+t"KB_BJ0>5n�fgK�S+KBJ0X UWV"T�fgrLrQV�UÇ_B`+J)t.TB<?X+K
J�­+�0J0|+_qU�V"T�_B`+J�¡	>+J0KB_
	,t"Te<?XZ|	fg<?Tr±A¯Wy�<?t.S+TBJ �g}P°�n�f�K£] fgX+J�V�Uá]^V"r?i,}	X+J0>,S+]
¯WKeS ���0<?J0>,_Br?iZ_B`+<L> _BS+>+t"KB_BJ0> Ke`+J0J0_BK�n�J0TBJ)>+V._�fEhofg<?rÈfg}+r?J�_B`+J0>P°»D+TBJ0KBS+r?_e<?>+tZ<?>
fG] f�­+<?]ZS+] J0>+J0TBt.iwUWV"Tq]�V,X+S+rsfg_B<LV">wVgU �q±
²�²Gm"J0¢9D"Tafg_B`+J0T�_B`	fg> � � ²�²)m.J0¢
`	fgX'<?_)}2J0J0>4_BS+>+t"KB_BJ0>�8�p�`+J ¡	h"J��0V,fgTBKBJ0KB_ t"TB<?Xô|	fg<?TBK n%J0TeJZ]�f�X+JZ}Ii�hgfg>
FqJ0J0mûl�V">+KeS+r?_�fg>+�0i�<L>ûp�`+Jzv�J0_B`+J0TBrsf�>+X+KZS+KB<?>+t�_eS+>+t"KB_BJ0>4}+rsf�X+J0KZ|	fg�am"J0X
_BV.t"J0_B`+J0T£Ke<?X+J�},iZKB<LX+J�n�<L_B`ZKB|	fg�0J0TeK%<L>�}2J0_�n�J0J0>7¯Wy�<?t"S+TeJ �"f+D.TB<?t"`,_!°�_BV t"<?h"J
_B`+J9TBJ��,S+<?TBJ0X�D=|+<L_B��`�D=Ker?<?_Gn�<?X+_B`�D=fg>+X�t"Te<?X _B`+<L��m,>+J0KBK�8�p�`+J9_B`+<L��m"J0Ke_)t"TB<?X+K�D
� ��¯Wy�<?t"S+TeJ �g�*°£f�>+X ��¯�±I8 � �)f�>+X 	 �0] _e`+<?��m�°�n�J0TBJGX+J0KB<?t.>+J0X�_BV ]�V,X+S+rsfg_eJ
tIf�]�] fE��T�f»iIK�S+|5_BV�±��9[�J0¢ ¯�y�<?t"S+TBJ � }P°08
bGr?r�_B`+J t"TB<?X+K n%J0TeJwUWS+r?r?i��a`	fgT�fg�0_eJ0TB<?�0J0X�fg_ZN)\,yÇl�}2V"_B`�V.|+_B<?��fgr?rLi fg>+X

S+KB<L>+t ����T�fEi,K�8��G|+_B<?��f�r�<?]�f�t"J0K�n�J0TBJZ_�f�m"J0>�fg_)`+<?t"`�] fgt">+<�¡	��fg_e<?V"> VgU�_B`+J
UWTBV">,_óf�>+XzTeJ�fgT)VgU%J�f���`�t"TB<LXzS+Ke<?>+t f^�0S+KB_BV"]^<?�0J0X�U�fg�0<Lr?<?_�i"8	�£f���`�t"TB<LX n�fgK
]^V"S+>,_BJ0X�V.>�fg> ���k_�fg}+r?JGn�<?_B`^rsfgKeJ0T�TBJ�fgX+V"S+_ED�f�>+X ]�J�fgKeS+TBJ0]�J0>,_BK�VgU�_B`+J
|+<?_e��`�DE|+`	fgKBJ"Dgfg>+X9V"TB<?J0>,_�fg_e<?V">GVgU	_B`+J�KBr?<?_eK�<?>wJ�f���`9t"TB<LXwn�J0TBJ£V.}+_�fg<?>+J0X n�<?_B`

���������
	���
���� ��������������������� � ��������� � !#�$���



±�� ���������
	���
��������

a)

b) c)

Ñ+ª¼ÒaÖE°�©£Àaã�� '�3�3es^wb`M"��&N?Bc@CJ ý @�>.@CJx[�3�JK-2+.@�8��Mh4F�Q�' ý 143XE�F�/2+ ý @CB /2143R/M]^@,W�JS+.T�BcF�a�JS+ ý F�/2+.@C8I�JK@ ý 3�-S-S3�- �&>.3�B /�\R-S/SF ý ��+�84Wy3�/ ý 143XTzBc@C+�>.-pFC8
T73�I�@�6*i�+�8
W7/2143XE /S@{@�a4/SF�+�8u/2143|JK3 ��g*+�JK3�T
/21�+ ý ��8
3�-S-
�RE,+.T*T=>.3 FC8
T´JS+.W�1*/�\bI
F ý ��+�8
Wz[!3�JS+ ý FC>Ga�>.F!T�3�-5]^+./217-2I
F ý 3�JK-m+�8ya�3�/M]^3�3�8Zh�a�QYH1
@�/S@!WCJKF�I�15@�BPF�WCJS+.T���~R-21
@C]^+�8
W�/2143R-2>�+./S-xFC8
Tra�JS+.T*W�3�-�+�85/2143&+�8
-S3�JK/�h ý Q^YH1
@�/S@!WCJKFCI*1@CB�j*+.WC1*/xWCJS+.T��,�*h

]^<?�0TBV"> |2V"KB<?_e<?V">	fgr�fg�0�0S+T�fg�0i"8=b KBJ0|	fgT�f�_BJ ����T�fEi �a`	fgT�fg�0_eJ0TB<?��fg_B<LV">^U�f��0<?r?<?_�i
X+J0_BJ0Te]�<?>+J0X _B`+J4fEh"J0T�fgt.J ����T�fEi _BT�fg>+Ke]�<?KeKB<?V">4VgUZJ�fg�a` ®	<?t"`,_ t"TB<?X1f�Kzf
UWS+>+�0_B<?V">�VgU)|+`+V"_BV">�J0>+J0TBt"iûfg>+X fg>+t"r?J^UWTBV"] t.TB<?Xû>+V.TB]�f�r�8���> f�X+X+<?_B<?V">�D
_B`+J hofgTe<sfg_B<?V.> VgUÇ_e`+<?K�_eT�fg>+KB]^<?KBKB<LV">�fg�0TBV.KBK�_e`+J)UWS+r?r�fgTBJ�f VgU£J�fg�a` t.TB<?X n�fgK
]^J�fgKBS+TBJ0X^n�<?_e` �q±0���0]�TBJ0KBV.r?S+_B<?V">�8
bGr?r�t.TB<?X+KGn%J0TeJOfgr?KeV9U�S+rLr?iA®	<Lt"`I_ �IS	fgrL<�¡	J0Xzfg_ Nó\,y�l },i hI<L}+T�fg_B<?V.> _BJ0KB_��

<?>+t^fg>+X _B`+J0Te]�fgr=�0i,�0r?<?>+t^_BV N)��¢)\^¯�N�J0>+J0T�f�r���>,hI<LTBV">+]^J0>I_�f�r	¢�J0TB<�¡	��f�_B<?V">
\,|2J0�0<�¡	��fg_B<?V.>P°9KB_�fg>+X	f�TBX+K�8£p�`+J5t"TB<?X+K n%J0TeJ _B`+J0>û_BTafg>+KB|	V.TB_BJ0X4_BV�:q\,�Z<?>
\,n�<L_B�0J0TBrsfg>+X'n�`+J0TBJ5_B`+J0i'n%J0TeJ ]�V"S+>,_BJ0X4fg>+Xûfgr?<Lt">+J0X4V">4_B`+J^UWTBV">,_Zfg>+X
TBJ�f�T�J0>+X _BTaf�i,K�8+:�TeJ0�0<?KB<?V"> �0V,V"TBX+<L>	fg_BJ)]^J�fgKBS+TBJ0]^J0>I_q]�f���`+<?>+J0K�n%J0TeJ)S+KBJ0X
_BV�J0KB_�fg}+r?<LKB`Ofg>+X9h"J0Te<�U�iG_B`+J��0V"TBTeJ0�0_ÇfgrL<?t">+]^J0>I_=VgU	J�fg�a`wt.TB<?Xw|	f�<?T�D0KBVG_B`	fg_�<?>
_B`+Jq¡	>	fgr+fgKBKeJ0]Z}+r?iG_B`+J�KBr?<?_BK�VgU	_B`+JqU�TeV">I_�fg>+X9TBJ�fgT�t"TB<LX+K�VgU	J�f���`9|	fg<?T�n�V"S+r?X
}2J)|	fgT�fgr?rLJ0r	_BV n�<?_B`+<?>^_B`+JGh"J0TBiZKe_BTB<?�0_q_BV"r?J0T�f�>+�0J0K%TeJ��IS+<?TeJ0XZUWV"T�]�V,X+S+rsfg_e<?V">
VgU�_B`+J)<?>+�0<LX+J0>I_�|+`+V._BV">�®	SV­�8
b�UW_BJ0T�fgKBKBJ0]Z}+rLiwVgU�_B`+J)_BTaf�i,K£V.>I_BV _B`+JG<?]�f�t"J0T�_BS+}	J)fg_�:£\,�aD+fg>�J0>+X,��_eVg�

J0>+XZ�a`+J0�amZV">Z_B`+J�t"TB<?XZfgr?<Lt">+]�J0>,_BK�n�fgK���fgTBTB<LJ0XOV.S+_�8"\,<?>+�0J)fg>
����T�fEiw}	J�f�]
|	fgTafgr?r?J0r+_BV!� �{±)fgTB�0KBJ0�G�0V"S+r?X >+V"_£}2J�V"}+_afg<?>+J0X�DIf�T�fgX+<?V,fg�0_B<?h"J�@��Bu0l�XZKBV.S+TB�0J

���������
	���
���� ��������������������� � ��������� � !#�$���



����������� ±��

n�fgK)|+rsf��0J0X�}	J0`+<?>+Xô_B`+JZKB|	fgTeJZt"TB<?X5UWV"T)J�fg�a`�|	fg<?TED=_BV |+TBVghI<LX+J f�KBJ0TB<?J0K)V�U
X+<?h.J0TBt"<?>+t�U�fg> }	J�fg]^K�VgU ��� m"J0¢ ����Taf�i,K�8�Fqi)]^VghI<?>+t�_B`+<LK�KBV.S+TB�0J �gt"TB<LX)n�`+<?r?J
] fg<?>,_�fg<?>+<L>+tOfg>�fg|+|+TBV"|+TB<Èfg_BJ)X+<?KB_afg>+�0J)UWTBV"] _B`+Jwt.TB<?X |	f�<?T�D	f ]�V,X+S+rsfg_e<?V">
<?>^_BT�f�>+KB]�<LKBKB<?V">9n�V"S+r?X }	J)X+J0_BJ0�0_BJ0X |+TeVoh,<?X+<?>+t9_B`	f�_£_B`+J)_�n�Vwt"Te<?X+K£VgU�_B`	fg_
|	fg<LT�n%J0TeJ%�0V.TBTBJ0�0_Br?i9fgr?<?t.>+J0X�8"p�`+<?K�_BJ0KB_�n�fgK���f�TBTB<?J0XZV.S+_�V">�fgr?r,}+S+_£_e`+J�_�n%V
�0VIf�TBKBJ0KB_�t"TB<LX |	fg<?TBK 6�_B`+J0<LT�fgr?<?t.>+]�J0>,_BK£�0V.S+r?X }	J ��`+J0�am"J0X h,<?KBS	fgr?rLi"8
y2V"T^r?V">+tg��_BJ0Te] ]�V.>+<?_BV"TB<L>+tzV�Uw_B`+J�t"TB<?X fgr?<?t">+]^J0>,_O_e`+TBV"S+t"` fgr?rG_BJ0KB_��

<?>+t�fg>+X4J0>,h,<?TBV">+]^J0>I_afgr �IS	f�r?<�¡	��fg_B<LV">�|+Te<?V"T9_BV�rsfgS+>+�a`�D�fg>4V"|+_B<?��f�r£_�n�<?KB_
]^V">+<?_BV.TB<?>+t9KBi,KB_BJ0] ¯�p�[�\�°�n�fgKGS+KBJ0X�TBJ0|	J�fg_eJ0X+r?i"8�p�`+<?KGKBi,KB_BJ0] TBJ0r?<?J0X�V">
V"|+_e<?��fgr�|+`+V"_BV,X+<?V,X+J0K9]�V"S+>,_BJ0X�}	J0`+<L>+X4|+<?>+`+V"r?J0K <?>�_e`+JZTB<?]^K)VgU�_B`+J^TBJ�fgT
t"Te<?X+K�8�p�`+J�r?<Lt"`I_áU�TBV.]1_B`+J0KeJ£|+`+V"_BV,X+<?V,X+J0K�|	fgKBKBJ0X9_B`+TeV"S+t"`Of�>+>IS+r?<,]^V"S+>I_eJ0X
<?> _B`+J�UWTBV">,_£t"TB<LX+K�<?>ZKBS+�a`�f�n�f�i _B`	fg_q_B`+J�X+< ��T�fg�0_eJ0XO}2J�fg]^K�UWTBV"] fg>,i9V">+J
t"Te<?X�|	fg<?T)�0V.>Ih"J0Tet"J0X�V.>I_BV f5l�l�H���f�]�J0T�f^]^V"S+>,_BJ0X�fg_w_e`+J�fg|+|+TBV"|+Te<sfg_BJ
X+<?Ke_�fg>+�0JZ<?>5UWTBV">,_)VgU�_B`+JZ_BJ0rLJ0KB�0V"|	J^fgKBKBJ0]Z}+rLi"8Qp�`+J^|	V.KB<?_B<?V.>+K)VgU%_B`+J �0V">,�
h"J0Tet"<?>+t�}2J�fg]�KZfgK^X+J0_BJ0TB]^<?>+J0X'UWTBV"] _e`+J <?] fgt"J0K9|+TBVgh,<?X+J0Xûfg> f��0�0S+T�fg_BJ
]^J�fgKBS+TBJGVgU£fg>,i ��`	fg>+t.J)<?> _B`+J)TeJ0rsfg_B<?h.J�_�n�<?Ke_%V�UÇ_B`+J�U�TeV">I_�fg>+X5TBJ�fgT�t.TB<?X+K
VgU�f�J�fg��`^|	fg<?TE8g��>^_B`+<?K£n�fEi"Dg_B`+JG�0V"TBTBJ0�0_�fgr?<?t.>+]�J0>,_�V�UáJ0h.J0>�_B`+J�¡	>+J0KB_�t"TB<?X
|	fg<LT%�0V.S+r?X�}2J)h"J0TB<�¡	J0X S+| _eVOrÈfgS+>+��`�8+v�V9KB<?t">+<�¡	��f�>I_��a`	fg>+t"JG<?> fgr?<?t.>+]�J0>,_
n�fgK�J0h.J0T�]�J�fgKeS+TBJ0X)J�­��0J0|+_£foU�_BJ0T�_B`+J�h,<?}+T�fg_B<LV">wfg�0�0<?X+J0>,_Çf�_�P�:q;�DEn�`+J0>9_B`+J
UWTBV">,_�t"TB<?X � � n�f�K%`+<L_�fg>+X ]^Voh.J0X�V"> <L_BK�]^V"S+>I_E8Ip�`+J �0V"]�|+rLJ0_BJ�<L]�fgt.<?>+t
_BJ0rLJ0KB�0V"|	J9KBi,KB_BJ0] n�fgKGKB`+<?|+|2J0X�}	f���m5_BV�:q\,��D�f^>+J0nk]�V"S+>,_G<?>+KB_�fgrLr?J0X UWV"T
_B`+J U�TBV.>I_)t"Te<?X �+D�fg>+X4fgr?r�t.TB<?X�fgr?<?t.>+]�J0>,_BKGn%J0TeJZTBJ0�a`+J0��m"J0X'fg>+X�h.J0TB<�¡	J0X�D
<?>+�0rLS+X+<?>+tZTBJ0|2J�fg_B<?>+tZ_e`+Jwp�[�\^��`+J0�amQ8
	 8 ±I8 � 8�� �������	� ��
 ������
 �
p�`+J9fg}+<?r?<L_�i^_BV^]�f�m"Jóf�TB�0KBJ0�a� �,S	fgr?<?_�i <?] fgt"J0K�fg>+X�fg�0�0S+T�fg_BJ0rLi �0Vg��fgr?<?t.> _B`+J
<?] fgt"J0K)n�<?_B`�V"_e`+J0TwKBV"rÈfgTwV"}+KeJ0TBhofg_e<?V">+K�D=X+J0|2J0>+X+KZV">'mI>+Vgn�<?>+t5_B`+J^V"TB<?J0>,�
_�f�_B<?V">�V�U�_B`+J^�0V"r?r?<?] fg_BV.TBK�n�<?_B`'TBJ0KB|	J0�0_ _BV�_B`+J�X+<LTBJ0�0_B<?V">'_BV�_B`+J \,S+>ûfg_
fgrLr�_B<?]^J0K�8+p�`+<?KGJ0KBKBJ0>,_B<sfgr�fgKB|	J0�0_G<?>,UWV"TB] fg_B<?V.>�<?KGV"}+_�f�<?>+J0X n�<L_B` _B`+JO\,V.rsfgT
bGKB|	J0�0_ \,i,KB_BJ0] ¯�\,bó\�°0Dqn�`+<?�a` |+TBVghI<LX+J0K�|+<?_e��` fg>+X iIfEn ]^J�fgKBS+TBJ0]^J0>,_BK
TBJ0rÈfg_B<?h"J�_BV9_B`+J�KeV"rsfgT�r?<?] }+K�_BVZfgTB�0KBJ0�0V">+X f��0�0S+T�fg�0i^V">�_e<?]�J�KB��fgr?J0K�VgU�_eJ0>+K
VgU�]^K�D+fg>+X _�n�VZTBJ0X+S+>+X	fg>,_G7�V"rLrQbG>+t"r?J9\,iIKe_BJ0]�K 6�f�l�l�HG��}	fgKBJ0X h"J0TeKB<?V">
¯�l�l�H 7Gbó\�°)f�>+X�f^|+`+V"_BV"] S+r?_B<?|+r?<LJ0T���}	fgKBJ0X h"J0TeKB<?V">�¯�:�[�p�7Gb)\�° 6 _B`	fg_
J�fg�a`û|+TeVoh,<?X+J5_B`+J TBV.r?r�fg>+t"rLJ _BV�f�TB�0]�<L>IS+_BJ f��0�0S+T�fg�0i4KBJ0h"J0Tafgr�_e<?]�J0K9|2J0T
TBV._�fg_B<?V.>zn�<?_B`�TBJ0Ke|	J0�0_9_BV _e`+JZ¡�­+J0X�Ke_�fgTBK�8=y2S+r?r£X+J0_afg<?r?K VgU�_B`+J0KBJ^KBiIKe_BJ0]�K
fgTeJ)t"<?h"J0> },i c=J0`+>+X+J0TGJ0_ófgr�8(¯ � ²�² � °�UWV"T�_B`+J9\,bó\5fg>+Xzl�l�Hk7�b)\ f�>+X },i
R�S+T�UWV"TBX fg>+X l�S+Te_B<?K0¯ � ²�² � °�U�V"T�_B`+J9:�[�p�7�b)\=8
	 8 ±I8 	 8�������� � � ��������� � 
	������
�� ����� �
p�`+J'\,V"rsfgT bGKB|	J0�0_�\,i,KB_BJ0] ¯�\,bó\�°�|+TBVghI<LX+J0K}¯�±
°^`+<?t"`,��TeJ0KBV"r?S+_B<LV">�D�`+<?t"`,�
}	fg>+X+n�<?X+_B`ZfgKB|2J0�0_�<?>,U�V.TB]�f�_B<?V">�U�V.T�<?]�f�t"J�TBJ0�0V">+KB_eTBS+�0_B<?V">�DV¯ � °�]^V">+<?_BV"Te<?>+t
VgU�_B`+J TBJ0rsfg_B<Lh"J)_�n�<?KB_�VgU£_B`+J _�n%V9t"Te<?X _BTaf�i,K�D+fg>+X ¯ 	 °qUWS+r?r���\,S+>5n�`+<?_BJa��r?<Lt"`I_
<?] fgt"J0KED�V"> VI�0��f�KB<?V">�DqUWV"T �0Vg��fgrL<?t">+]^J0>I_Zn�<?_B`ût.TBV"S+>+X,��}	fgKBJ0X <?]�f�t"J0K�8���_

���������
	���
���� ��������������������� � ��������� � !#�$� �



± � ���������
	���
��������
�0V">+Ke<?KB_BK�VgU=_B`+TBJ0J�<?X+J0>,_B<?��fgr+rLJ0>+K��W¡	r?_BJ0T£fgKeKBJ0]Z}+r?<?J0K�]�V"S+>,_BJ0X9V">9_B`+J�UWV"TBn�fgTeX
t"Te<?X _BT�fEi^_BVZUWV"TB] U�S+r?rä��\,S+>z<L]�fgt.J0K%V.> _B`+TBJ0J � ² � ��� ± 	 � � ] r?<L>+J�fgT�X+<?V,X+J
fgTeT�fEiIKq]�V"S+>,_BJ0X^V"> _B`+J)TBJ�f�T%t.TB<?X^_BT�fEi"8+\,<?]ZS+r?_�f�>+J0V"S+K£J�­+|	V"KeS+TBJ0K�VgU�_e`+TBJ0J
�a`+V"TBX+K9VgU�_B`+J^UWVI�0S+KeJ0X�KBV.rsfgTw<L]�fgt.J0KwfgTBJ^]�fgX+J J0h"J0TBi�±
²5]^Kw},i�J�fg�a`�V�U
_B`+JGfgTBT�fEi,K�8�b X+<?t.<?_�fgr,_B`+TBJ0KB`+V.r?X�fgr?t.V"TB<?_B`+]�<?KqS+KBJ0XZ_BV KBJ0r?J0�0_�UWV"S+T*¯WV"T�]^V"TBJ"D
�0V"]^] fg>+X	fg}+r?J*° |+<�­+J0r?K _B`	fg_^KB|	fg> J�fg�a` KBV"rsf�T�r?<L]Z}'U�V.T�<?>+�0rLS+KB<?V"> <?>�_B`+J
_BJ0rLJ0]�J0_BTei"8Qp�`+J0KeJZX+<?t"<?_e<?�0J0X�|+<�­+J0r�V"S+_B|+S+_BK9fgr?r?Vgn�KB<�­�|+TBJ0�0<?KeJZr?V,��fg_B<?V">+K)V�U
_B`+J�KBV"rsfgT�rL<?]Z}9_BVw}2J�V.}+_�fg<?>+J0XZV.>Z_B`+JGt"TBV"S+>+XZ},i9<?>,_BJ0TB|	V.rsfg_B<?V.>�D�_B`,S+K�|+TBVg�
h,<?X+<?>+tGmI>+Vgn�rLJ0X+t"J£VgUQ\,S+>9�0J0>,_BJ0T�<?> |+<?_B�a`Ofg>+X9iIfEn�_BVq±I8 �GfgTB�0KeJ0�£TBJ�fgX+V.S+_*¯ 	
� °»8

	 8 ±I8 � 8�� ��� � ����� � � � 
	������
�� � � � �
y2V"T�<?] fgt"J£TeJ0�0V">+KB_BTBS+�0_e<?V">ZV"> _B`+J�t"TBV.S+>+Xy¯W>+Vw<L]�|	fg�0_�V">ZTeJ�fgr���_B<?]^J£Ke|	fg�0Ja�
�0T�foU�_GV"|	J0Tafg_B<?V">+K�°0D+m,>+Von�r?J0X+t"JwV�U%TBJ0rsf�_B<?h"J)TBV.r?r�<?K)TBJ��,S+<?TBJ0X�fg_)fgr?r�_B<?]^J0K�_BV
	 f�TB�0]�<L>y¯ 	 � °»8�\,<L>+�0JOfgr?r=KBV.S+TB�0J0K�VgU�_BV"T �,S+J)V"> _B`+J KB|	fg�0J0�0T�foU�_�fgTBJ)n�J�fgm=D_B`+JôTBJ��IS+<LTBJ0X <?>,UWV"TB] fg_B<?V.>4��fg>1}2J�V"}+_�f�<?>+J0X n�<?_e`1f4KB_afgT KB��fg>+>+J0T5_B`	fg_
K�f�]�|+r?J0K _B`+J TBV"rLr%V.TB<?J0>,_�fg_B<?V.>�fg_Zr?J�f�KB_9V">+�0J |	J0T^TBV"_�f�_B<?V">�8���>,_BJ0TB|	V.rsfg_B<?V.>
}2J0_�n�J0J0>5]�J�fgKeS+TBJ0]�J0>,_BK�fgr?r?Vgn�K�_B`+J)TBV.r?r�V"TB<LJ0>I_�f�_B<?V">Z_eVZ}	J X+J0_BJ0TB]^<?>+J0X fg_
<?>,_BJ0TB]^J0X+<sfg_eJ£_B<?]^J0K�n�<?_B`Z_e`+J�TBJ��,S+<?TBJ0X fg�0�0S+T�fg�0i"8,p�`+Jól�l�H 7�b)\9�0V">+KB<LKB_BK
VgU�f l�l�H fgTBT�fEi�fg>+X�J0r?J0�0_BTeV">+<?�0Kw}2J0`+<?>+X4fg>�U �V±I8.²+D ��²E��]^] r?J0>+K�8�b�KBS+>,�
KB`	f�X+JZr?<?]^<?_BK�_B`+JZy���¢ KBV _B`	f�_wf 	 ² � }	fg>+X�<?K)Ken%J0|+_)V.S+_wfg�0TBV"KBK)_e`+JZKBm,i
fg_|± � � _BV V"TB_B`+V.t"V">	fgr�_BV _B`+J9KB|+<?>'f�­�<LK�8=b�K)_e`+JZKB|	fg�0J0�0T�foU�_)TBV._�fg_BJ0K�D2J�fg�a`
X+J0_BJ0�0_eJ0X�KB_afgT£t"J0>+J0Tafg_BJ0K�f)}+TB<LJaU�KB|+<?m"JG<?>Z_e`+J�V"S+_e|+S+_%V�UáV.>+J�V"T�_�n�V)|+<�­+J0r?K�D
n�`+V.KBJ)_B<?]^<?>+twX+Ja¡	>+J0KG_B`+J)TBV.r?r=V"TB<?J0>,_�fg_B<LV">�8"y2V"T � � ] fgt">+<?_eS+X+J�KB_afgTBK�D._B`+J
X+J0_BJ0�0_e<?V">wKe<?t">	fgr���_eVg��>+V"<?KBJ�<LK�± � 
�±I8»b�r?rLVon�<?>+t�UWV"TÇ�qfgTB_B` VI�0�0S+rL_�fg_B<?V.>wfg>+X9_B`+J
TBJ0�0Vgh"J0Tei)_B<?]^J�U�TBV.] fg>I_e<?�0<?|	fg_BJ0X9�£fgTe_B`+KB`+<?>+JqK�fg_BS+T�f�_B<?V">�D�f�_�r?J�f�KB_�V">+J0¯�fg>+X
_�i,|+<?��fgr?r?i9KBJ0h.J0>P°£KeS+��` KB_afgT*¯WK!°�n�<?r?r2}	J X+J0_BJ0�0_BJ0X J�fg�a`�TeV"_�fg_B<LV">Z_B`+TBV.S+t"`+V"S+_
_B`+J ]�<?KeKB<?V">�82[�J�fgKBS+TBJ0]^J0>I_eK)VgU%V">+rLizV.>+J�KB_afgT�D�fEh"J0T�fgt.J0XzVgh"J0Twf�]�<L>IS+_BJ"D
fgrLr?Vgnû_B`+J)TBV.r?r�fg>+t"r?J)_BV }	JwX+J0_eJ0TB]�<L>+J0X�_BV � 8 �9fgTB�0]^<?>y¯ 	 � °08p�`+JwbGKB|	J0�0_GHwfg_�f9:�TeVI�0J0KBKeV"T5¯WbGHw:e°�TeJ0�0J0<?h"J0KG_B`+J)X	fg_�f UWTBV"]�_B`+JO\,b)\
fg>+X 7Gb)\=DI|2J0T�UWV"TB]^K£V">,��r?<L>+J)|+TBVI�0J0KeKB<?>+t	8+p�`+Jw:�[�p 7�b)\=D,�0V">+KB<?KB_e<?>+twVgU£f
:�[�p�}	J0`+<?>+XZf�KBrL<?_�_BV�Ke��fg>)UWV"T�}+TB<Lt"`I_�KB_�fgTBKED0n�fgK�<?>+�0r?S+X+J0X�U�V.T�TBJ0X+S+>+X	f�>+�0i"8

	 8 � 8 �
	" "�&'�$0) �  5'� "$
y�<?t.S+TBJ � KB`+Vgn�Kwf �0S+_�fEn�fEi VgU%_e`+J�\,|	J0�0_BTeV"]�J0_eJ0T�D=X+J0KB�0TB<?}2J0X�<?>�X+J0_afg<?r�<?>
\,]^<?_B`9J0_%f�r�8P¯ � ²�² � °�<?> _B`+<?K£<LKBKBS+J"8Ip�`+J�7)R��q\+\,��N�J0H X+J0Ke<?t">^|+TBVghI<?X+J0KqJ0>,�
J0TBt.iO�0Vgh"J0Tafgt"J�UWTBV"] 	 m"J0¢ _eVA±���[zJ0¢ n�<?_B`�f�KB<?>+t"rLJ�]�J0�a`	fg>+<?��f�r?r?iwTeV"}+S+KB_
X+J0_BJ0�0_eV"T�8+p�`+JwrÈfgTBt"J0KB_ED"TBJ�fgX+<Lr?i�fEhofg<Lrsfg}+r?J"D,`,iI|2J0TB|+S+TBJ ¯�>,��_�i,|	J*°��0VIf�­+<sfgr�N�J
] fg_BJ0TB<Èfgr(¯ �+8�±0���0] X+<sfg] � � 8 �E���0] rLV">+tZ°�n�fgKqS+KBJ0X�8+p�`+J)<?>+>+J0T�J0r?J0�0_BTeVIX+JG<?K
KBJ0t.]�J0>,_BJ0X�<?>,_BV _�n%V �0V.>I_�f��0_BKw_B`	f�_)�0V"r?r?J0�0_ ��`	fgTet"J9UWTBV"] _�n�V J0r?J0�0_BTB<?��f�r?r?i
<?>+X+J0|2J0>+X+J0>I_�X+J0_BJ0�0_BV"TqKBJ0t"]^J0>I_BKEDg_BVw|+TBVgh,<?X+J�_B`+JGJ��,S+<?hofgrLJ0>I_qVgUÇf!�q±,8 �E���0]
_B`+<L��mZ|+rÈfg>	fgT�NGJ0H1<L>ZUWTBV">,_�VgUÇf � � �0]�_B`+<?�amZ�0VIf�­+<sfgr�N�J0HZ8+p�`+JG_BV"| fg>+X

���������
	���
���� ��������������������� � ��������� � !#�$� �



����������� ±��

1
6

4
7

5

2

8
9

Detector #3

Attenuators
thick

thin

Mechanical
Cryocooler

Thermal
Radiator

CSA

High Voltage Filter

Ñ+ª¼ÒaÖE°�©�é�ã�� '�3�3xs^wb`M"��&N B @CJ ý @C>.@�J�[�3�JK-2+.@�8��Mh4; ý g4/SF�]^F�i�@�BV/21
3R'�I�3 ý /2JK@�E�3�/S3KJ�\�-21
@�]^+�84W/2143�>.@ ý F�/2+.@�8{@�BR/21
3�W!3�JKE�F�8�+�g
E T*3�/S3 ý /S@CJK-,g*84T*3�J�3XF ý 1{WCJS+.T{L�a*iq8�g
ERa�3�JXQ�hPn^143�'�g*8�`I�@�]^3�Jx'�/2+�JS>�+�8
WC` ý i ý >.3�EG3 ý 1
FC8*+ ý F�> ý @�@�>.3�J�+.-_a�3�>.@�]y/2143 ý @�>.T�I*>.F�/S3&1
@C>.T�+�84W�/21
3&T*3�/S3 ý /S@�JK-�hn^143e/2143KJKE�FC>�JKF!T=+.F!/S@CJRBcF ý 3�-RFC8*/2+�`M-2g*8*]^FCJKT5/S@�JK3c��3 ý /S-&/21
3�1
3�F�/R@�B^/21
3 ý JKi�@ ý @�@�>.3�J�hZno1
3F�/S/S3�8�g
F�/S@�JK-RFCJK3RF�g4/S@!E�F�/2+ ý F�>�>�i5E�@�[�3XTm+�85]^1
3�85/2143 ý @�g�8*/2+�8
WrJKF�/S3e3�6 ý 3�3XT�-x/21�JK3�-21
@C>.T*-L ý @�EGE�FC8
T�F�a�>.3eB�JK@�E�/21
3RWCJK@�g�8
T4Q�h

�0S+TBh.J0XûV"S+_BJ0T KBS+T�U�fg�0J0K�f�TBJ <?]^|+rsfg>,_BJ0X'n�<?_B`ûf�_B`+<?>�¯�²+8 	 ]^<?�0TBV">P° }2V"TBV">
rsfEi"J0T _BV�|+TBVgh,<?X+JzfôKBS+T�U�fg�0J _eT�fg>+KB|	fgTeJ0>I_ZX+Vgn�>�_BV 	 m"J0¢ ����T�fEi,K�8�j <?_B`
fgX+hgfg>+�0J0Xky£�£p�K�f�>+X1KB_afg_BJa��VgUÈ��_B`+Ja��fgTB_5J0r?J0�0_BTBV.>+<?�0K�D�_e`+J'U�TBV.>I_5KBJ0t"]^J0>I_BK
fg�a`+<?J0h"Jwf 	 ��m.J0¢kJ0>+J0TBt"i^_B`+TBJ0KB`+V"rLX�8
p�`+J)UWTBV">,_�KBJ0t"]^J0>I_�_B`+<L��m,>+J0KBK�<?KG�a`+V"KBJ0> _BV^KB_BV"| |+`+V._BV">+K�S+|5_BV�� � ��²

m"J0¢�¯Wy�<Lt"S+TBJ � �*°0D.n�`+J0TBJG|+`+V"_BV,J0r?J0�0_BTB<?��fg}+KeV"TB|+_B<?V.>ZX+V"]^<?>	fg_BJ0K�DEn�`+<?rLJ�]�<L>,�
<?]^<?�0<?>+t)_e`+Jófg�0_e<?h"J�h"V.r?S+]�JqUWV"T�}	fg�amIt"TeV"S+>+X�8"y2TBV">,_���<?>+�0<?X+J0>,_£|+`+V"_eV">+K�_B`	fg_
l�V.]�|+_BV.>,��KB��fg_B_BJ0TED	fg>+X'}	fg��m,t"TBV.S+>+X�|+`+V"_BV">+K V"Tw|	f�TB_B<?�0r?J0K)J0>,_BJ0TB<L>+t UWTBV"]
_B`+J)TeJ�fgT�D	fgTeJ�TBJK¬eJ0�0_BJ0X5}Ii fg>,_B<?�0V"<?>+�0<LX+J0>+�0J)n�<?_B` _B`+J)TeJ�fgT�KBJ0t"]^J0>,_
	+fw|	f�K��
KB<Lh"J"D£t.T�fgX+J0X,��c#¯�:�}�D%l�S�D�\,>P°^Te<?>+t�f�TBV"S+>+X _B`+J5U�TeV">I_^KBJ0t"]^J0>,_�fg}+KeV"TB}+K
`	fgTeX ����T�fEiIKq<?>+�0<?X+J0>,_�UWTBV"] _B`+J�Ke<?X+J"D,_BVw|+TBVgh,<?X+J�_B`+JGr?Vgnû}	f���m,t"TBV"S+>+X VgUÇf
|+`+V"Ken�<?�a`,��_�i,|	JGKB�0<?>,_B<?rLrsfg_B<?V.>OX+J0_eJ0�0_BV"T�8+:�`+V._BV">+K�n�<L_B`�J0>+J0Tet"<?J0KqU�TeV"] � � ��²
m"J0¢k_eV{±�� [zJ0¢9D+<?>+�0rLS+X+<?>+t�f�r?r�>,S+�0r?J�fgTGtIfg]^]�fE��Taf0i9r?<?>+J0K�D2KB_BV.| |+TB<?] fgTB<?r?i
<?> _e`+J)_B`+<?�am�TBJ�f�T�KBJ0t"]^J0>I_�fgrLV">+J"D,n�<?_B` KB] fgr?rLJ0T�UWT�fg�0_B<?V.>+K%Ke_BV"|+|+<?>+tZ<L> _B`+J

���������
	���
���� ��������������������� � ��������� � !#�$���



� ² ���������
	���
��������
UWTBV">,_�KBJ0t"]^J0>,_�DaX+J0|	V"KB<L_B<?>+t�J0>+J0TBt.i)<?>w}2V"_B`w_e`+J�UWTBV">,_�fg>+XwTeJ�fgT�KBJ0t"]^J0>,_BK�DaV"T
<?> _�n%V�V"T�]^V"TBJ�N�J0H)KE80b�rLr"_B`+J0KBJ�]^VIX+J0K��0V.>I_BTe<?}+S+_BJ�_BVG_B`+J£_eV"_�fgrg|+`+V"_BV.|	J�fgm
J����0<LJ0>+�0i9¯Wy�<Lt"S+TBJ � �*°08
p�`+J%<L>I_BJ0>+KeJ%`	f�TBX!����T�fEi0®	SV­+J0K�_B`	fg_�S+KBS	fgr?rLiwfg�0�0V"]^|	fg>Ii)rÈfgTBt"J�tIf�]�] fE�

T�fEi^r?<?>+Jm®QfgTBJ0K)fgTBJOf�}+KBV"TB}2J0Xz},i _B`+J�U�TBV.>I_GKBJ0t"]^J0>I_EDIKeV�_B`+J TBJ�fgTGKBJ0t"]^J0>I_
n�<Lr?r"fgr?n�fEiIK=�0V"S+>,_�fg_�]^V,X+J0T�fg_BJ�T�f�_BJ0K�80p�`+<?K�<LK�J0KBKBJ0>,_B<sfgr�U�V"T�tIfg]^]�fE��Taf0i�r?<?>+J
]^J�fgKBS+TBJ0]^J0>,_BK�n�`+J0TBJ�V"|+_B<?] fgr"KB|2J0�0_BT�fgr2TBJ0KBV"rLS+_B<?V">9fg>+XZr?Vgn4X+J�fgXZ_e<?]�J�fgTBJ
X+J0KB<LTBJ0X�8�p�V f��0�0V"]�]^V,X	fg_BJ)_B`+J9rsfgTet"JwX+i,>	fg]^<?�9T�fg>+t"J�¯ � ±
² ~ °G<?>�KBVgUW_����
T�fEim®	SV­OUWTBV"]k]^<?�0TBVd®QfgTBJ0K�_BV)h"J0TBi rsfgTBt"J,®QfgTeJ0K�D"_�n�V�KeJ0_BK�VgU�fgr?S+]^<?>,S+]1X+<?Kem
fg_e_BJ0>IS	f�_BV"TBK|¯�fgr?KeV ��fgr?r?J0X�Ke`IS+_B_eJ0TBK!°G��fg>'}	J^]�Vgh"J0X5<?>ôU�TBV.>I_)VgU�_B`+J�N�J0H)K
_BV�fg}+KBV"Te}�r?Vgn J0>+J0TBt.i?¯WKBJ0J^y�<?t"S+TBJ � �*°)|+`+V"_eV">+K�8�p�`+J0KBJ fg_B_BJ0>,S	fg_BV.TBKwfgTBJ
<?>+KeJ0TB_BJ0XwfgS+_BV.]�fg_e<?��fgr?r�i�}IiG`+J�fg_B<L>+t�_BJ0]^|	J0T�fg_eS+TBJa��KBJ0>+KB<?_e<?h"J�\,`	fg|2J£[�J0]^V"TBi
bGr?r?Vgi ¯�\,[�b�°Zf��0_BS	fg_BV"TeKZn�`+J0> _B`+J��0V"S+>,_�T�f�_BJ <?>+�0TBJ�fgKeJ0K�fg}2Vgh"J |+TBJa��KeJ0_
hgfgr?S+J0K�8gp�`+J�fg_B_BJ0>,S	fg_B<LV">)KB_�fEi,K�<?>�U�V.TÇf�¡�­�J0X X+S+T�fg_B<?V.>w�0S+TBTBJ0>,_Br?i^¯ ����]^<?>P°0D
}+S+_�|+TBV"t.T�fg]^]�fg}+rLJ%fg>+X _B`+J0> fgTBJGTBJ0]^Vgh"J0X�8Ip�`+JG�0i,�0r?J)TBJ0|	J�f�_BK�fgK�r?V">+tZfgK
_B`+J)Tafg_BJ0K�KB_af�i `+<?t"`�8
p�`+J N�J0H)K�<?>k_B`+J0<?T�]^VIX+S+rLJ0K�f�TBJ�]^V"S+>,_BJ0X�V"> f�> fgr?S+]^<?>IS+] �0V"r?X

|+rsf�_BJ�KBS+KB|2J0>+X+J0XkV"> ¡	}	J0TBt"rÈfgKBK Ke_BT�fg|+K5_BVûTBJ0X+S+�0J'_B`+J0TB] fgr)�0V">+X+S+�0_e<?V">�8
p�`+<LK�<?K�KBS+TeTBV"S+>+X+J0X },i ]ZS+r?_e<���rsfEi"J0T�T�fgX+<Èfg_B<?V">^KB`+<?J0rLX+K�fg>+X J0>+�0rLV"KBJ0X <L>zfg>
J0hgfg�0S	fg_BJ0X��0Tei"V"KB_�f�_�8	p�`+JZ�0Tei"V"KB_�f�_
��K��0S+TBh.J0X�KB<?X+J0n�fgr?r�<?K)TB<?}+}2J0X�_B`+<?>,��n�fgr?r
fgrLS+]�<?>,S+]�>+J�fgT _B`+J^N�J0H)K)_BV^|+TBVgh,<?X+J
� � ²^m"J0¢�_B`+TBJ0KB`+V.r?X5U�V"TG>+V">,��KBV.rsfgT
����T�fEi ��tIfg]^]�fE��T�f»iIK�<?>+�0<LX+J0>I_�V.> _B`+J)KB<LX+J"8
p�`+JûNGJ0H)KzfgTBJô�0VIV"rLJ0X1V">,��V.TB}+<?_ },i1f4KB<L>+t"r?J�\,S+>+|2Von�J0T���>+�"8G[ �
�"F

KB<L>+t"r?Ja��KB_�f�t"J"Da�0V"S+>I_eJ0TB}	fgrsfg>+�0J0X�Dg\,_B<?Ter?<?>+tg���0i,�0r?J£�0Tei"VI�0V,V"r?J0TE8�p�`+J£<L>I_BJ0T�U�fg�0Jq<?K
f�®	J�­+<?}+r?J�fgr?S+]^<?>,S+]���K�fE|+|+`+<?TBJ��0V"r?X�¡	>+t"J0T£X+J0Ke<?t">+J0X9_BV)]^<?>+<?]^<ê�0J��0V.S+|+r?<?>+t
VgU£]^<?�0TBV.|+`+V">+<?�0K�<?>,_BVZ_e`+J�NGJ0H)Kóf�>+X _BV fgr?r?Vgn1f KB_BTeS+�0_BS+TBJ0X �0V,V"r?X+Vgn�>5_BV
fEh"V"<LXû�0V">+X+J0>+K�f�_B<?V"> VgU9�0V">I_afg]�<L>	fg>I_eKZV">,_BV�_e`+J�NGJ0H)K�8�p�`+J��0TBi"V,�0V,V"r?J0T
S+KBJ0Kwf tIfgKG}	J�f�TB<?>+t ��®	J�­+S+TBJ9KBi,KB_BJ0] _BV^|+TBJ0h"J0>,_)�0V">,_�fg�0_G}	J0_�n�J0J0>�]�Vgh,<?>+t
|	fgTe_BK�D�fg>+X4f5]�Vgh,<?>+tg��] f�t.>+J0_�]^V"_BV"TG_BV5J0r?<?]^<?>	fg_BJq®	J�­+<?}+r?J^]�V"_eV"T�rLJ�fgX+K�8
p�`+<LKw�0V,V"r?J0Tw|+TeVoh,<?X+J0K S+|�_BV � j VgU��0V,V"r?<?>+t�fg_ �
�.�9D�fg_9fg>�<?>+|+S+_9|	Vgn�J0T
VgU,±
²�²gjk8Ip�`+J��0TBi.VI�0V,V"r?J0T�<?K�]^V"S+>I_eJ0XZ<?> fg> J�­�_eJ0TB>	fgr=��fEhI<?_�i9}	J0_�n�J0J0>^_B`+J
T�f�X+<sfg_BV"T�fg>+XZ�0TBi"V.KB_�fg_�_eV)]�<?>+<L]�<?�0J�rLV"KBKBJ0K�<?>9_B`+J�`+J�fg_�TeJK¬BJ0�0_B<LV">9|	fg_B`�8gp�`+J
fg>,_B<���\,S+>5U�fg�0<?>+t `+J�fg_ TBJK¬eJ0�0_B<?V">�T�fgX+<Èfg_BV"T|¯ �
�^�0] X+<sfg]^J0_BJ0T!°�<?K)_B`+J0TB] fgr?r?i
�0V"S+|+rLJ0Xz_eV�_B`+J �0TBi"V"Ke_�fg_�`+V"S+Ke<?>+t�_eV�|+TBVgh,<?X+JOf^rÈfgTBt"J)_B`+J0Te]�fgr�]�fgKeK�8+p�`+J
J��,S+<?r?<?}+Te<?S+]�T�fgX+<sfg_eV"T�_BJ0]�|2J0T�fg_BS+TeJ�<?K�<?> _e`+JwT�fg>+t.J)VgU���± �"l _BV � 	 ²"l)8
7)fgX+<sf�_B<?V">5X	fg]�f�t"JwVgU�_B`+J�N�J0H)K)<?K VgU%�0V">+�0J0Te>�KB<L>+�0JZ7óRG�£\+\,�)|	f�KBKBJ0K

_B`+TeV"S+t"`�_B`+JZ\,V"S+_B`�b�_BrÈfg>I_e<?�wbG>+V"] fgr?i7¯�\,b�b0°GV">�fg}2V"S+_!�^V"TB}+<?_eKóf^X	fEi"8
FqV"]Z}	f�TBX+]�J0>,_=}Ii `+<?t"`9J0>+J0TBt"i9\,b�b�|+TBV"_BV.>+K�|+TBV,X+S+�0J0K£_eT�fg|+K�<?>9_B`+JGN�J0H)K
n�`+<L��`5X+J0t"T�fgX+J9_B`+J9KB|2J0�0_BT�fgr�TBJ0KBV"rLS+_B<?V">5n�<?_B`5_B<?]^J"8�p�`+J \,|2J0�0_BTBV"]^J0_BJ0TG<?K
X+J0KB<Lt">+J0X9n�<?_B` _B`+J���fg|	fg}+<?r?<L_�iG_BV)fg>+>+J�fgr,_B`+JGN�J0H)K�DE},i)`+J�fg_B<?>+tG_B`+J0]kS+|9_BV
��±4²�² � l)D,_BV9TBJ0�0Vgh"J0T�_B`+J)TBJ0KeV"r?S+_B<?V.>�8Ip�`+<?K�<?K�>+V"_�J�­+|	J0�0_BJ0X5_BVZ}	J)>+J0J0X+J0X
n�<L_B`+<?>^_B`+J)>+V"]^<?>	fgr=_�n%V���i"J�fgT£]^<?KBKe<?V">Zr?<äU�J0_B<L]�J"8

���������
	���
���� ��������������������� � ��������� � !#�����



����������� � ±

 

SEM 
(Spacecraft 
Electronics 

Module) 

Solar Arrays/4 

Battery 

CSS/8 
(Coarse Sun 

Sensors) 

Torque Rods/3 

SSR 
(Solid State 
Recorder) 

FSS 
(Fine Sun Sensor) 

IAD/2 
(Inertia 

Adjustment 
Device) 

MAG 
(Magnetometer) 

XPDR 
(Transponde

r) 
RF 

Switch Combiner 

Aft Tx 

Fwd Tx 

Aft Rx 

Fwd Rx 

IDPU 
(Instrument 

Data 
Processing 

Unit) 

IPC 
(Instrument 

Power 
Converter) CPC 

(Cryocooler 
Power 

Converter) 

Imager 

SAS/3 
(Solar Aspect 

Sensor) 

Spec-
trometer 

Atten. 

Cryocooler 

RAS 
(Roll Aspect 

Sensor) 

Spacecraft Bus Instrument 
Electrical Power 

Attitude Control 

Command & 
Data Handling 

Telecom 

Particle 
Detector 

RAS-PMT 
(Roll Aspect 

Sensor) 

Antennas 

Ñ+ª¼ÒaÖE°�©�¾0ã �_>.@ ý �|T�+.F�W�JKF�E Bc@�Je/2143e"�$&%('�'*)&-2I4F ý 3 ý JKF�Bc/&a*g4-�L�>.3�B /KQ&FC8
Tq/21
3,+�8
-S/2JSg4E�3K8*/L�JS+.WC1*/KQ�h

	 8 	 8�� +�1 '�$����/ "+�',./!# "�&' $&) + (*��1

�qfg��`èN�J0H�<?Kw}+<ÈfgKBJ0X�fg_ }	J0_�n�J0J0> � f�>+X � m,¢�}Ii�f^KeJ0|	fgT�fg_BJ^fgX*¬BS+Ke_�fg}+r?J
R�¢ó:q\=8I:�`+V"_BV">+K�<?>,_BJ0T�f��0_B<?>+tG<?>�f9NGJ0H t"J0>+J0T�fg_BJ���`	fgTet"J�|+S+r?KBJ0K�D.n�`+<?�a`�fgTBJ
�0V"rLr?J0�0_BJ0XZfg>+XZfg]^|+r?<�¡	J0Xw},iOfG_eT�fg>+KB<?Ke_BV"T���TBJ0KeJ0_�l�`	fgTBt.J%\,J0>+KB<?_e<?h"J�b�]^|+r?<�¡	J0T
¯�l�\,b�°^n�<L_B`1fg>1f�X+hofg>+�0J0X � ��_BJ0TB]^<?>	fgr�_�i,|	J'y£�£p _eV4|+TBVghI<?X+Jô_B`+J�}	J0Ke_
TBJ0KeV"r?S+_B<?V.>�f�>+X�`+<?t.`,���0V"S+>I_9T�f�_BJZ|	J0T�U�V"Te]�fg>+�0J"8�p�`+J l�\,b�KZfg>+X'_B`+J^`+<?t"`
h"V.r?_�fgt"J�¡	r?_BJ0TBK�f�TBJ)]�V.S+>I_BJ0X^X+<?TBJ0�0_er?i�_eVO_e`+Jw\,|	J0�0_BTBV.]�J0_BJ0Tq¯Wy�<?t"S+TBJ � °08
p�`+Jz��Hw: � D�X+J0KB�0TB<?}2J0X },i l�S+TB_e<?K�J0_ fgr�8r¯ � ²�² � °z¯WKBJ0J�y�<?t"S+TBJ0K �'fg>+X

±
²�°9�0V">,_�fg<?>+K�f�r?r�_B`+J TBJ0] fg<?>+<L>+t�\,|2J0�0_BTBV"]^J0_BJ0TZJ0rLJ0�0_BTBV">+<?�0KE8£p�`+J Ke<?t">	fgr?K
UWTBV"]�_B`+Jwl�\,bGK�fgTeJ�KB`	f�|	J0X�D=fg]�|+rL<�¡	J0X�D"|+TBV,�0J0KBKBJ0X�D2fg>+X X+<?t"<?_e<?�0J0X�},i^>+<?>+J
<?X+J0>,_B<?��f�roH)J0_eJ0�0_BV"T=��>,_BJ0T�U�fg�0J%FqVIf�TBX+Ke¯WH)��F£K�°0DaV">+J�U�V.T�J�fg�a`9N�J0HZ8�p�`+J�H)��FqK
UWJ�fg_BS+TBJq¯�±
° �,S	fgKB<���_BTafg|	J0�0V"<LX	fgr+KB`	fg|+<?>+t9_BV)�0V.]�|2J0>+K�fg_BJ�UWV"Tq}	fgr?r?<?Ke_B<?�£X+Ja¡	�0<L_
J���J0�0_BKGVgU�_B`+J9��`	fgTet"Jw�0V"rLr?J0�0_B<?V"> <L> _B`+J0KBJ rsfgTBt.J9N�J0H)K�D&¯ � °�X+S	f�r�U�fgKB_ ��KBr?Vgn
KB<Lt">	fgr�|+TBV,�0J0KBKB<?>+t'��`	f�<?>+K9UWV"T�|+S+rLKBJa��|+<?r?J0S+|�TBJK¬BJ0�0_e<?V">�D£fg>+X�¯ 	 °9S+rL_BT�fg`+<?t.`
T�f�_BJ��0V.S+>I_B<L>+tO<L>�}+TBV,fgX�J0>+J0Tet"i�}	f�>+X+K�n�<?_B`^_B`+JGU�fgKB_q��`	fg<L> n�<?_B`ZrL<?h"JG_B<?]^J
]^J�fgKBS+TBJ0]^J0>,_BK£J0h"J0Tei ²+8 �w]^K�_BV9|+TBJ0KBJ0TBh.Jw_B`+J)<?] fgt"<L>+tw��fg|	fg}+<Lr?<?_�i"8
p�`+J NGJ0H�U�TeV">I_ KBJ0t"]^J0>I_ J0>+J0TBt"i�Tafg>+t"JZ<?K
� 	 m"J0¢�S+|'_BV � � 8 �5[�J0¢

<?> � ±�� � �a`	fg>+>+J0r?K^n�<?_B` �0²Y8 	�	 m"J0¢��g�a`�8£p�`+J5TBJ�fgTZKBJ0t.]�J0>,_BK9�0Vgh"J0T9UWTBV"]
� � ² m"J0¢k_BV � � 8 �9[�J0¢ fg>+X `	fEh"Jwfg> f�X+X+<?_B<?V">	f�r�r?Vgn���tIfg<L>�KBrLVon fg]^|+r?<�¡	J0T
_BVô�0Voh.J0TZUWTBV"] � � 	 �ô[zJ0¢ S+|�_BV � ±���[�J0¢ ¯ � 8 �5m"J0¢��g��`P°»8£y2V"TZJ�fg�a`
X+J0_BJ0�0_eJ0X |+`+V"_BV.>�D^± � }+<?_eK�VgU�J0>+J0TBt"i <?>,UWV"TB] fg_B<?V.> f�>+X _B`+J _B<?]^J�VgU£fgTBTe<?hofgr
_BV�±�]^<?�0TBV"KeJ0�0V">+XZfgTBJ�J0>+�0V,X+J0X _BV"t"J0_e`+J0T£n�<?_e`ZX+J0_BJ0�0_BV"Tq<?X+J0>,_B<�¡	��fg_B<LV">Zfg>+X

���������
	���
���� ��������������������� � ��������� � !#��� �



��� ���������
	���
��������

 

IDPU

RAS

CPC

IPC

Imager

Spectrometer

CPC
IPC

CPC
IPC

PMT - RAS

Battery SEM

SSR

Antennas

IAD

FSS

Solar Arrays

Ñ+ª¼ÒaÖE°�©9Ô0Â0ã�� '=3�3 s^wb`M"��&N B @CJ ý @�>.@CJA[!3�JK-2+.@C8 �2h�' ý 143XE�F�/2+ ý -214@�]^+�84W{/21
3|>.@ ý F�/2+.@�8�@�B
+�84-S/2JSg
E�3�8*/�F�84TA-2I
F ý 3 ý JKFCBc/ ý @�E,I�@�843K8*/S-�@�8 /2143f"b$x%^'*'*)�-2I
F ý 3 ý JKFCBc/�hPn^1
3�F ý JK@C8*i�EG-+�87/21
3|/S@�I7[�+.3�] F�JK3 �&�V+�8
3A'�g�8 '=3�8
-S@CJALc�P'*'*Q�\R'�@C>�+.T}'�/SF�/S3p"b3 ý @CJKT*3�J LM'�'�"xQ�\Rs_JKi�`@ ý @�@C>.3KJ0Y�@�]^3�Jfs^@�8*[�3�JK/S3�J5LMs^Y(sbQ�\H) 8
-S/2JSg4E�3K8*/�Y�@�]^3KJfs^@C8*[�3KJK/S3�J5LM)lY(sbQ�\()�84-S/2JSg
E�3�8*/w&F!/SF{YHJK@ ý 3X-S-2+�84W 
b8*+./|LM)lwxY 
<Q �b+�8}/21
3|a�@�/S/S@!E#[�+.3�]R\R"�@C>�>D;b8
WC>.3 '=i�-S/S3XE Lc"�;<'�Q�\
YH1
@�/S@!E�g*>./2+�I*>�+�3�Jx"�@C>�>d;b8
WC>.3x'=i�-S/S3XE LcYPN0nA"�;R'*Q�\*) 8
3�JK/2+.FC>d;&TX� g4-S/SEG3�8*/�w&3�[�+ ý 3,LM)l;xwRQ�\'�I
F ý 3 ý JKFCB /&%�>.3 ý /2JK@C8*+ ý -RN0@�T�g�>.3�LM'�%_N5Q�h

r?<Lh"J)_B<?]^J�<L>I_BV^f � � ��}+<?_�J0h"J0>I_Gn�V"TBX�8+v�V"TB] fgr?r?iZJ0h.J0TBi�|+`+V._BV"> <LK�KB_BV"TeJ0X <?>
_B`+J)Ke|	fg�0J0�0T�fEUW_�] fgKBK£]^J0]^V"TBiZfg>+X _B`+J0>5_BJ0r?J0]^J0_BJ0TBJ0X^_BVZ_B`+J)t"TeV"S+>+X�8
b 	 ²�²E��]^<?�0TBV"> _B`+<L��m=D0±4�0] C fgTBJ�f+D�|	fgKBKB<Lhofg_BJ0X,��<LV">,��<?]^|+rsfg>,_BJ0X�¯�:���:e°

KB<Lr?<?�0V"> X+J0_BJ0�0_eV"T)n�<?_B`�f�l�\,b��"f�]�|��gX+<LKB�0TB<?]^<?>	fg_�V"T�J0r?J0�0_BTeV">+<?�0K�D+Ke<?]�<LrsfgT�_BV
_B`+V.KBJ{®	Vgn�> V">�_B`+J�j <L>+X 	 H :�rÈfgKB] fzf�>+X ��>+J0TBt"J0_B<L��:�f�TB_B<?�0r?J <L>+KB_BTBS,�

���������
	���
���� ��������������������� � ��������� � !#�����



����������� ��	
]^J0>I_�¯�;=<?>�J0_Zfgr�8?D�±��
����°0D=]�V.>+<?_BV"TBK)J0>+J0Tet"J0_B<?�^|	fgTB_B<L�0r?J|®	SV­+J0K�8�p�`+J���Hw: �
r?Vgn h.V"r?_�fgt.J)|	Vgn�J0T��0V">,h"J0TB_eJ0T�|+TBVgh,<?X+J0KG_B`+J�±
²�²E��¢�V"rL_�}+<sfgKGKBS+|+|+r?i�U�V"T�_B`+J
|	fgTe_B<?�0r?J5X+J0_BJ0�0_BV"T�8�p�n�V�X+<?Ke�0TB<?]^<?>	fg_BV"T9r?J0h.J0r?K�|+TeVoh,<?X+J�]^J�fgKBS+TBJ0]^J0>I_eKOV�U
J0>+J0TBt.J0_B<?�A¯ � �^±w[�J0¢0°�J0r?J0�0_BTBV.>�fg>+X ¯ � �^±
²�°q[�J0¢1|+TeV"_BV">�®	SV­+J0K�8
p�`+J%l�V">,_BTBV.r?r?J0T=��fgTBX �0V"r?r?J0�0_BK�fg>+X�U�V"Te]�fg_eKQX	f�_�fqUWTBV"]�_B`+J£H)��F£K�fg>+X _B`+J

|	fgTe_B<?�0r?J�X+J0_eJ0�0_BV"T�D+fg>+X |	fgKeKBJ0K�_B`+JGU�V.TB]�f�_B_BJ0X9X	fg_�f _BV9_B`+JGKB|	fg�0J0�0T�foU�_�Vgh"J0T
fG`+<?t.`ZKB|	J0J0X7¯ � � ²G[�}+|+K!°�}+S+K�8"b ]^<?�0TBV"|+TeVI�0J0KBKeV"T�V.>Z_B`+J�l�V.>I_BTeV"r?r?J0T���fgTBX
�0V">,_BTBV.r?K�_B`+JG��Hw: � D,<?>+�0r?S+X+<?>+t9_B`+JG�0V,V"r?J0T�fg>+X^KB`IS+_e_BJ0TBK�D,fg>+X�<L>I_BJ0T�U�fg�0J0Kq_BV
_B`+J^KB|	fg�0J0�0TafEU�_9Vgh"J0TZf5r?Vgn�KB|	J0J0X4KBJ0Te<sfgr£<L>I_BJ0T�U�fg�0J UWV"T9TBJ0�0J0<?|+_9VgU)t"TBV"S+>+X
�0V"]^] fg>+X+K%fg>+X J�­+�a`	fg>+t"JwV�U�`+V"S+KBJ0m"J0J0|+<L>+t�fg>+X Ke_�fg_BS+K�<L>,U�V"Te]�fg_e<?V">�8
b4Ke|	fg�0Ja� �IS	f�r?<�¡	J0Xw|2Vgn%J0T��0V">Ih.J0TB_BJ0Te¯�l�:£l�°=�0V.>+KB<?KB_B<L>+t%V�U	_�n�V�fg]^|+r?<�¡	J0TBK

n�fgK X+J0h"J0r?V"|2J0X�UWV"Tw_e`+JZ�0TBi"V,�0VIV.r?J0T�8�b�|+S+r?KBJa��n�<?X+_e`,��]�V,X+S+rsfg_BJ0X�fg]^|+r?<�¡	J0T
fg]^|+r?<�¡	J0Kwf5_BJ0]^|	J0Tafg_BS+TBJZX+J0|2J0>+X+J0>I_^��Hw: ����|+TeVoh,<?X+J0X'KB<?>+J^n�f�h.J�fg_
�
�+8 �
R�� _BV'X+TB<?h.J S+| _BV�±
²�²�n�fg_B_eKZ|	J�fgm4<L>I_BVô_B`+J�h"V"<?�0Ja���0V"<Lr���r?<?m"J^�0TBi"V,�0V,V"r?J0T
r?V,fgX�V�U �q±I8 ��� K�8	p�`+JwKBJ0�0V">+X�fg]^|+r?<�¡	J0T�D.X+TB<?h"J0>^UWTBV"] f�> ��Hw: ����|+TBVgh,<?X+J0X
|+`	fgKeJa��KB`+<�UW_BJ0X�_eJ0]�|2J0T�fg_BS+TBJa��X+J0|2J0>+X+J0>I_�KB<?>+JGn�fEh"JGfg_£_B`+JGK�fg]^J�UWTBJ��,S+J0>+�0i"D
|2Von�J0TBK�_B`+J �0TBi"V,�0VIV.r?J0T��0V"S+>I_eJ0TB}	fgrsfg>+�0J0T�_BV9]�<?>+<L]�<?�0J�]�<?�0TeV"|+`+V">+<?�0K�8
bG>'��>+KB_BTeS+]�J0>,_O:�Vgn�J0Twl�V">,_BTBV"rLr?J0TA¯W��:ql�°)�0V.>I_�f�<?>+K)_B`+J^r?Vgn fg>+X'`+<?t"`

h"V.r?_�fgt"J �0V">,h"J0TB_BJ0TBKGUWV"T _B`+JZ<?>+KB_eTBS+]�J0>,_�8=p�`+J�l�:ql fg>+Xô��:£l fgTBJZ`+V.S+KBJ0X
<?> |+`,i,KB<?��fgr?rLiZKBJ0|	fgT�f�_BJ)}	V�­+J0K�U�TeV"]�_B`+JwTBJ0Ke_%V�UÇ_B`+J)��Hw: �#¯Wy�<Lt"S+TBJq±
²�°08

�b¢���� �Pª���ª4¦����K¥

� 8 ±I8 �"'�$����0' ��$� %�+��
	  "����% +�( 1 �/1
p�`+J 7)RG�£\+\,�wKe|	fg�0J0�0T�fEUW_9}+S+K9¯Wy�<Lt"S+TBJ{±
²�°wn�fgK9X+J0KB<Lt">+J0X fg>+X4] fg>,S,U�f��a�
_BS+TeJ0Xz},iz\,|2J0�0_BTBS+] b�KB_eTBV	D+��>+�"8�VgU�NG<?r?}	J0Te_�D	b)c�8=p�`+JZ|+TB<L]�fgTei�KB_eTBS+�0_BS+TBJ
KBS+|+|2V"TB_BK£f�r?r+KB|	fg�0J0�0T�foU�_��0V"]^|	V.>+J0>I_BK�X+S+Te<?>+t)_B`+J�rsf�S+>+��`9J0>,hI<?TeV">+]�J0>,_�fg>+X
] fg<?>,_�fg<?>+Kq_B`+J9TBJ0rsfg_e<?h"J)fgr?<?t">+]^J0>,_%V�U£_B`+Jw��]�fgt.J0T�fg>+X�_B`+JO\,|2J0�0_BTBV"]^J0_BJ0T�8
[�V"KB_ VgU�_B`+J Ke|	fg�0J0�0T�fEUW_9�0V"]�|2V">+J0>,_BKZfgTBJ^r?VI��f�_BJ0X4V">4fg>4VI�0_afgt"V">	fgr�fgr?S,�
]^<?>,S+]�`+V">+J0i,�0V"]Z} J��,S+<?|+]^J0>I_GX+J0�am _B`	fg_G<?KG]�V.S+>I_BJ0X5_BV^_B`+J9KB|	fg�0J0�0T�fEUW_
fEUW_ZTB<L>+t	8£p�`+J���] fgt"J0T9_BS+}2J�<?K�KeS+|+|	V"TB_eJ0X fgTBV.S+>+Xû<?_BK^�0J0>,_BJ0T�V�Uwt"T�fEhI<L_�i
},i�_e`+TBJ0Jr®	J�­�S+TeJw]^V"S+>I_eK%_eV�f9] fg��`+<L>+J0X�fgrLS+]�<?>,S+]�<?] fgt"J0T£KeS+|+|	V"TB_�TB<?>+t
]^V"S+>,_BJ0X9V">Z_B`+J�U�V.TBn�fgTBX9KB<?X+J�V�Uá_e`+J�J��IS+<L|+]�J0>,_£X+J0�amQ8,p�`+J�\,|2J0�0_BTBV"]^J0_BJ0T
<?KZfg_e_�fg�a`+J0X�_BV�_B`+J KB|	fg�0J0�0TafEU�_ZfEUW_wTe<?>+t�n�<?_B`'<?_BK rsfgTBt"J^_B`+J0TB] fgr�T�f�X+<sfg_BV"T
®	S+KB` n�<?_B`Z_e`+J�rsfgS+>+�a`9h"J0`+<?�0r?J�KeJ0|	fgT�fg_B<LV">9|+rsfg>+J�UWV"T£fg>ZS+>+V.}+KB_BTBS+�0_BJ0X ¡	J0r?X
VgU�h,<?J0nw8
p�`+J%KeV"rsfgT�fgTBT�fEiG�0V">+KB<?Ke_BK�V�U	UWV"S+T�<LX+J0>I_B<L��fgrIn�<?>+t"K�DEJ�fg�a`On�<?_B`w_�n�VG|	fg>+J0r?K

�0V">+>+J0�0_eJ0X }Ii f'`+<?>+t"J"D�r?V,��fg_BJ0X KBi,]^]�J0_BTe<?��fgr?r�i4fgTBV"S+>+X _B`+J�J��,S+<?|+]�J0>,_
X+J0�amQ8Yb1]^J0_�fgr2_B<?|,��] fgKBK%f�_%_e`+J)J0>+X VgU�J�f���` n�<L>+tZ<?>+�0TBJ�fgKeJ0K�_B`+J)X+J0|+r?Vgi"J0X
KB|+<L>,��f�­�<LK�]^V"]^J0>I_�V�UQ<?>+J0TB_e<sf�UWV"T�KB|+<L>+>+<?>+t)KB_�fg}+<Lr?<?_�i"8�p�Vwfgr?<?t"> _B`+J�KB|+<?>Zf�­+<?K
�0r?V.KBJ0T�_eV�_B`+J5<?] fgt"J0TZ}2V"TBJ0KB<?t.`I_^V">ûV.TB}+<?_�D�_e`+JzKe|	fg�0J0�0T�fEUW_�Ke|+<?> }	fgrsfg>+�0J

���������
	���
���� ��������������������� � ��������� � !#����"



� � ���������
	���
��������
��fg> }2J ¡	>+Ja��_eS+>+J0X n�<?_B`�_�n%V'�0V">,_BTBV"rLrsfg}+r?J ��>+J0TB_B<sfôb�X*¬eS+KB_B]^J0>,_�H)J0h,<?�0J0K
¯W��b�H)K�°^��]^V"_BV"Te<?�0J0X r?<?>+J�fgT X+TB<Lh"J�KB�0TBJ0n�Kz_e`	fg_ ]�Vgh"J�_�n�V4VgUZ_B`+J'KBV"rsfgT
fgTeT�fEizn�<?>+t"K�8�p�`+J�]^<?X,��n�<L>+tzfg>+X'TBV,V"_w`+<?>+t.J0KOV�U�J�fg�a`�KBV.rsfgTOf�TBT�fEi�n�<?>+t
S+KBJ9KB_eJ0J0r�_�f�|	Ja��]^J�fgKBS+TBJ ]�fg_eJ0TB<sfgr2_BV�|+TeVoh,<?X+J }	V"_B`�_B`+J9X+J0|+r?Vgi,]�J0>,_�UWV"TB�0J
fg>+X'f Te<?t"<?X�rsfg_e��`�<L>�_B`+JZX+J0|+r?Vgi"J0X'KB_�f�_BJ"8�\,`	fg|	J^[�J0]�V.TBi bGr?r?Vgiu¯�\,[zb0°
fg�0_eS	fg_BJ0X�TBJ0r?J�fgKeJZX+J0hI<L�0J0Kw|+TBJ0r?V,fgX�_B`+J�fgTBTaf�i |	f�>+J0r?KOfgt,fg<?>+KB_GKB>,S+}+}	J0TBK9<?>
_B`+J�KB_BVgn�J0XZ�0V">,¡	t"S+T�f�_B<?V">�8"p�`+J0KeJófg�0_eS	fg_BV"TBKqKB_BTBJ0_e��`Z_eV)KB>	fg|^_B`+J�_e<?_�fg>+<?S+]
_B<LJ0X+Von�> }	V.r?_BKG_BV�TeJ0r?J�fgKBJ _B`+Jwn�<L>+t"K�8=p�`+J9KBV"rsfgT��0J0r?r?K)fgTBJ9J�­�|2V"KBJ0X�V">5_B`+J
V"S+_e}	VIfgTeXZ|	fg>+J0r	KeVO_e`	fg_�KBV"]^J�|	Vgn�J0T£<LK£t"J0>+J0T�f�_BJ0XZJ0h"J0>^}	JaUWV"TBJG_B`+JG|	fg>+J0r?K
fgTeJ)X+J0|+r?Vgi"J0X�8
� 8 � 8�� '�'�( ' ���� ��/) + ' $&) !
p�`+JGb�_B_e<?_BS+X+J)l�V">,_BTBV"r=\,S+}+KBiIKe_BJ0] ¯Wb�l�\�°�J0>	fg}+r?J0K�7óRG�£\+\,�q_BV U�V"rLr?Vgn4_B`+J
\,S+>�Vgh"J0T _B<L]�J�fgS+_BV.>+V"]�V.S+KBr?i4n�<?_e`1f 	 � |	V"<L>I_B<L>+t fg�0�0S+T�f��0i VgU ² 	�± � �
¯ � 8 � fgTB�0]^<?>P°08=p�`+JZ|+TB<L]�fgTeizfg_B_e<?_BS+X+J9KBJ0>+KBV"T <?KOf�>�b�X+�0V.r?JZ��>+�"8�¡	>+J \,S+>
KBJ0>+KeV"T ¯Wy£\+\�°�n�<?_B`�f�� 	��
� ¡	J0r?XôVgU�hI<?J0n�fg>+Xu² 	 ²�²�� � TBJ0KBV.r?S+_B<?V">�D2_B`	fg_ <?K
]^V"S+>,_BJ0XZ_BV9_B`+JGUWTBV">,_�VgU�_B`+JG<?] fgt"J0T£_eS+}	J"8	p�`+J)|2V"<?>,_B<?>+t J0TBTBV"T�]^J�fgKBS+TBJ0X
},iû_B`+J�y£\+\=D�_BV.t"J0_B`+J0T^n�<?_B`�r?VI��f�r�] fgt">+J0_B<L� ¡	J0r?X ]^J�fgKBS+TBJ0]^J0>I_eKO] fgX+J
},i _B`+J KB|	fg�0J0�0T�fEUW_)] fgt">+J0_BV"]^J0_BJ0T�D2fgTBJ9<?>+|+S+_BK _BV _B`+JZb�l�\ �0V.>I_BTeV"r£fgr?t"V��
TB<L_B`+]�K=<?> _B`+JR®	<Lt"`I_�KBVgUW_�n�fgTeJ"8�p�`+<?K�TeS+>+K�V"> _B`+J£7GbGH ��²�²�²�®	<?t"`,_�|+TBVI�0J0KeKBV"T
<?>ô_B`+J�l��GHwR�KBS+}+KBi,KB_BJ0] _BV5X+TB<?h"J^_B`+TBJ0J^V"TB_B`+V.t"V">	fgr?rLi"��]^VgS+>I_BJ0X���_B`	fg�0V
��>+�"8 ��² bG]�|2J0TBJa��]�J0_eJ0T C ��r?J0�0_eTBV"] fgt">+J0_B<?�Gp�V"T �IS+J 7�V,X+K�_eV�] fg<?>,_�fg<?> _B`+J
KB|	f��0J0�0T�fEUW_ófg_e_B<?_BS+X+J"8+y�<L>	fgr?r?i"D	f KBJ0_GVgU£J0<?t"`,_��0VIf�TBKBJwKeS+>zKeJ0>+KBV"TG�0J0r?r?K|¯W_�n%V
]^V"S+>,_BJ0XwV">9J�fg�a`ZKBV.rsfgT�fgTBT�fEi)n�<?>+tV°�fgrLr?Vgn�_B`+J�b�l�\wKeS+}+KBiIKe_BJ0]k_BVwfg���,S+<?TBJ
_B`+J'\,S+>�U�TBV.] fg>Ii <?>+<?_B<sf�rófg_e_B<?_BS+X+J�foU�_BJ0T5KBJ0|	fgT�f�_B<?V">�UWTBV"] _e`+J�rsfgS+>+�a`
h"J0`+<L�0r?J"8
p�`+J�b�l�\m®	<?t"`,_�KBVgUW_�n�fgTBJ£|+TeVoh,<?X+J0K£fg> b����,S+<?KB<?_e<?V">w]^V,X+J%n�`+<?��` X	fg]�|+K

T�f�_BJ0K�fEUW_BJ0T�rsf�S+>+��` h"J0`+<L�0r?JwKBJ0|	f�T�fg_B<?V.>�D�f^:�TeJ0�0J0KBKB<?V"> ]^V,X+J)n�`+<?�a` V"TB<LJ0>I_BK
_B`+J�KB|+<?>�f�­+<?K�_BVgn�fgTBX _B`+J�KBS+> UWTBV"] fg>,iwKB_afgTB_B<?>+twf�_B_B<?_BS+X+J"Dgfw\,|+<L>�l�V">,_BTBV"r
]^VIX+J�n�`+<?�a`�fgX*¬eS+KB_BKq_B`+JGh"J0`+<?�0r?J�Ke|+<?>�Tafg_BJ�_BVZf��0V"]�] fg>+X	fg}+rLJ%hgfgr?S+J"D,fg>+X
fZv�V"TB] fgr=]^VIX+J n�`+<?�a` <?K�S+KeJ0XzX+S+Te<?>+tZ]^V"KB_�]^<?KBKB<LV">�V.|	J0T�fg_e<?V">+K�_BV m"J0J0|
_B`+J�KB|+<L>1f�­+<?K |	V"<L>I_BJ0X fg_ _e`+J�\,S+>�8Gp�`+J�b�l�\ f�r?KBV4`	fgK fg> ��X+r?J�]^VIX+J
n�`+<L��`5X+VIJ0KG>+V"_)fg�0_B<?h"J0rLiZ�0V">,_BTBV"r�_e`+Jwh"J0`+<?�0rLJOfg_B_e<?_BS+X+J"8+FqJ0��fgS+KBJ97óRG�£\+\,�
<?K�X+J0KB<?t">+J0X5_BVZ}	J9f9KB_�f�}+r?J)KB|+<?>+>+J0T�DY_B`+Jw<?X+rLJ)]�V,X+J)|+TBVghI<LX+J0K�f9K�fEUWJ)]^VIX+J
_B`	f�_�<?K�J0>,_BJ0TBJ0X5<?> _B`+JwJ0h.J0>I_GVgU£fg> fg>+V"] fgr?i"8+p�`+J b�l�\�®	<?t"`,_�KBV�U�_�n�fgTBJG<?K
fgS+_eVg���0VIX+J0X^S+KB<?>+t9[�fg_BTe<�­ � KBV�U�_�n�fgTBJ�fg>+X <?>,_BJ0t"Tafg_BJ0XZn�<L_B`Z_B`+J)TBJ0] fg<?>+X+J0T
VgU�_B`+Jr®	<?t.`I_�KBVgUW_�n�fgTBJ"8
� 8 	 8�� ) � � % + � % +�����%"' %
	 % + ��!�( +��
p�`+J£\,|	f��0J0�0T�fEUW_���r?J0�0_eTBV">+<?�0K=[�VIX+S+rLJf¯�\+��[�Day�<?t.S+TBJe±4²�°2`+V"S+KBJ0K�_B`+J£l�`	fgTBt.J
l�V.>I_BTeV"rQFqVIfgTeX9¯�l�l�F�°0D"_B`+J):�Vgn�J0T�l�V">I_eTBV"r	FqVIfgTBX}¯�:£l�F�°0D,fg>+X _B`+JGb�SV­,�
<?rL<sfgTBi9H)TB<?h.J0T�FqVIfgTBX7¯WbGHwFG°%U�V"T�_B`+Jw��r?J0�0_eTB<?��fgr�:�Vgn�J0T�\,S+}+KeiIKB_eJ0] ¯��£:q\�°�	

���������
	���
���� ��������������������� � ��������� � !#�����



����������� � �

fg>+X�l�V.]�]ZS+>+<L��fg_B<?V">+K���>I_BJ0T�U�fg�0J^F£V,fgTBX�¯�l���FG°»D=_B`+J�:�fEiIrLVIfgX � b�_e_B<?_BS+X+J
l�V.>I_BTeV"r+��>,_BJ0T�U�fg�0J|¯�:2b�l��X°q}2VIfgTBX�D,fg>+X�_e`+J�®	<?t.`I_q�0V"]�|+S+_eJ0Tf¯�l�: �f°q}2VIfgTBX
VgU£_e`+J l�V"]�] fg>+X fg>+X�Hwfg_afZR�f�>+X+r?<?>+t}¯�l �GHwRr°�KBS+}+KBi,KB_BJ0]�8+b KBJ0|	f�T�fg_BJ
\,V"rL<?Xz\,_�f�_BJw7GJ0�0V"TBX+J0T|¯�\+\,79D	y�<?t.S+TBJ|±
²�°0DY}+S+<?r?_G}Ii�\+��b)�G7 ��>+t"<?>+J0J0Te<?>+t	D
|+TBVgh,<?X+J0K � t"<?t,fg}Ii,_BJ0K�VgU�KBV"r?<LX,��KB_�fg_BJG]^J0]�V"Tei)UWV"T�KB�0<?J0>+�0J)X	f�_�f9KB_BV.T�fgt"J"8
p�`+Jw��Hw: � |+TeVoh,<?X+J0K�UWV"TB] fg_B_eJ0X�l�l�\,Hw\^_BJ0r?J0]^J0_BTBiZ|	fg�am"J0_BK�VgUÇKe�0<?J0>+�0J

X	fg_af X+<?TBJ0�0_er?i�_BV5_B`+J�\+\,7�TBJ0�0V"TBX+<?>+t�`+<?t.`,��KB|	J0J0X4|	fgTafgr?r?J0r�<?>,_BJ0T�U�fg�0J"8�\,�0<��
J0>+�0J)X	fg_afOf�TBJ)|+rsfEi"J0X^}	fg��m U�TBV.] _e`+Jw\+\,7 U�V.T%X+Vgn�>+rL<?>+mZh,<sf9fw`+<Lt"`,��KB|	J0J0X
|	fgTafgr?r?J0r�<L>I_BJ0T�U�fg�0J)n�<?_B` _e`+J l���FGD	_e`+JO�0V.]�] fg>+X fg>+X�_BJ0r?J0]^J0_BTBiZ<?>,_BJ0T�U�fg�0J
UWV"TZ_B`+J�\+��[ _eV�_B`+J57�yk_eT�fg>+KB|2V">+X+J0T�8�p�`+Jzl���F�<?K^|	Vgn�J0TBJ0X4UWTBV"] _B`+J
J0KBKeJ0>I_B<Èfgr)}+S+K�fg>+X1<LK V"|2J0T�fg_B<?V.>	fgrwfg_zf�r?rw_B<L]�J0K�8q��_�|+TBVgh,<?X+J0K �0V.]�] fg>+X
X+J0�0V,X+<?>+t9��fg|	fg}+<?rL<?_�i)UWV"T£�0TB<L_B<?��fgrYU�S+>+�0_B<LV">+K£<?>+�0rLS+X+<?>+t9_B`+J�TBJ0KBJ0_�fg>+X^|	Vgn�J0T
�0V">,_BTBV.r�VgUw_B`+J´®	<?t"`,_��0V"]^|+S+_BJ0T�D��0V">I_eTBV"r�VgUw_e`+J _BJ0r?J0]^J0_BTBi'_BT�f�>+KB]�<L_B_BJ0T�D
fg>+X'fgX*¬BS+Ke_B]�J0>,_GVgU�_B`+JZ}	fg_B_eJ0TBi �a`	fgTBt"J9�0V">,_BTBV.r�|	fgT�fg]^J0_BJ0TBK�8=p�`+<?K)`	f�TBX,�
n�fgTBJ��0V"]�] fg>+X X+J0�0VIX+<?>+t ��fg|	fg}+<?r?<L_�i VgU�_B`+J)l���Fè|+TBVghI<?X+J0K�fg>^V"|	J0T�f�_B<?V">	fgr
}	fg�am,S+|^U�V"T�U�fgS+rL_BK�n�`+<?�a` TBJ0KBS+r?_�<L> _B`+J)KB`,S+_BX+Vgn�> VgU£l�: � V"T�KBVgUW_�n�f�TBJ"8
p�`+J�:2b�l��^}	VIfgTeX <?K TBJ0KB|2V">+KB<?}+rLJ�U�V.T _BJ0r?J0]^J0_BTBi4J0>+�0V,X+<?>+t fg>+X X	fg_�f

fg���,S+<?KB<L_B<?V">�8���_ X+<?t"<?_�f�r?r?i�J0>+�0V,X+J0K�f�>	fgr?V"t�h"V"rL_�fgt"J"D��0S+TBTBJ0>,_�fg>+X�_BJ0]^|	J0T��
fg_eS+TBJ9X	fg_�f+D�fg>+X�UWV"TB] fg_BKG_BJ0r?J0]^J0_BTBi^UWT�fg]^J0K�UWV"TwX+Vgn�>+rL<?>+mzfg>+XôV">,��}	VIf�TBX
KB_eV"T�fgt"J"8���_�|+TBVgh,<?X+J0KZKBJ0Te<sfgr��0V"]^]ZS+>+<?��fg_B<LV">+Kw<?>,_BJ0T�U�fg�0J0K9UWV"TZ�0V.>I_BTeV"r�fg>+X
]^V">+<?_BV.TB<?>+t V�Uw_B`+Jz\+\,7 fg>+X _B`+J5��Hw: �w8�p�`+Jz:2b�l��Z}	VIf�TBXû<?K^|	Vgn�J0TBJ0X
},i _B`+J9J0KBKBJ0>,_B<sfgr�|	Vgn�J0TG}+S+Kwfg>+X�<?Kóf�r?n�f�i,K�|+TBV,X+S+�0<?>+t `	fgTeX+n�f�TBJwKB_afg_BJwV�U
`+J�fgrL_B`u¯�\+�)Rr°�_BJ0r?J0]^J0_BTBiZ|	fg�am"J0_BK 	+n�`+J0>+J0h"J0T)_B`+J _BT�fg>+Ke]�<?_e_BJ0T£<?KG|	Vgn�J0TBJ0X
V">9_B`+J0KeJ%|	f���m"J0_eKÇfgTeJ%_eT�fg>+KB]^<?_B_BJ0XG_BV)_B`+J�t"TeV"S+>+X�8op�`+<?K�U�J�f�_BS+TBJ%f�r?V">+tGn�<?_B`
_B`+J�l���F�`	f�TBX+n�fgTBJ£�0V.]�] fg>+XGX+J0�0VIX+<?>+t2D"fgr?r?Vgn�K�|+TeV"}+r?J0]^K�_BVG}	J�X+<sf�t">+V"KBJ0X
fg>+X ¡�­�J0X U�TeV"] _B`+J�t"TBV"S+>+X�D.J0h"J0>�n�<?_B`+V"S+_�_B`+JGl�: ��V"TqKBVgUW_�n�fgTeJ%TeS+>+>+<?>+t	8
p�`+J l�: ��}	V,fgTBX <LKóf T�fgX+<sf�_B<?V"> `	fgTeX+J0>+J0X�7�bGH ��²�²�²w|+TeVI�0J0KBKeV"T�] fgX+J

},ióFqb)� \,i,KB_BJ0]^K�8a��_��0V.>I_�f�<?>+K&± �
� [�F V�U�H)7Gb�[ U�V.T�X	fg_�fq]^J0]�V"Tei%Ke_BV"T�fgt.J
fg>+X'��fg�a`+J�]^J0]^V"TBi KB_BV.T�fgt"J"D�fg>+X 	 [�F�VgU��£�q:�7��G[ UWV"T �0VIX+J^]�J0]^V"TBi
KB_eV"T�fgt"J"8�p�`+J4l�: � }2VIfgTBX �0V.>I_BTeV"r?K _B`+J�V.|	J0T�fg_e<?V"> VgU�fgr?r)VgUZ_B`+JôV"_B`+J0T
}2VIfgTBX+K�<?>)_B`+J�\+��[48�p�`+J�\+��[�fgrLKBV�`+V"S+KBJ0K�Hwl �gHwl�|	Vgn�J0T��0V">,h"J0TB_BJ0TBK�fg>+X
fg> Vgh"J0>,���0V.>I_BTeV"r?r?J0X^�0TBi,KB_�fgr=V"KB�0<Lr?rsfg_BV.Tf¯��)l �G�0°08+p�`+JwJ0KBKeJ0>I_B<Èfgr=}+S+K � �
� ¢
|2Von�J0T�|+TBVgh,<?X+J0X }Ii^_B`+J)|2Von�J0T�KeS+}+KBiIKe_BJ0]�<?K�S+KeJ0X _BVZt"J0>+J0T�f�_BJ�KeJ0�0V">+X	fgTBi
���g¢9D�fg>+X �q± �g¢ KBJ0TBh,<?�0J0KZn�`+<?��`'|	Vgn�J0T9_B`+J \+��[ }2VIfgTBX+K�8�p�`+J �)l ���
|+TBVgh,<?X+J0K£fGKB_�f�}+r?J��0r?VI�amwKe<?t">	fgr+fg_£f�UWTBJ��IS+J0>+�0i9VgU ����� R��"Dgn�`+<?�a`9<?K�X+<?h,<?X+J0X
},iw_B`+J�l���F'_BVG|+TBVIX+S+�0J��0r?VI�amwKe<?t">	fgr?K�fg_,±�R��Gfg>+X ��� ²GR��5¯�fg|+|+TBV�­�<L]�fg_eJ0r?i
±9[�R��*°08=p�`+J0KBJ9KB<Lt">	fgr?K)fgTBJ X+<?KB_BTB<L}+S+_BJ0X _BV _e`+JOl���F�D=_e`+J :2b�l���D=fg>+X�_B`+J
��Hw: � D	n�`+J0TeJw_B`+J0i fgTeJwS+KBJ0X5_BV�_e<?]�Ja��Ke_�fg]^|ZX	fg_�fZf����IS+<?Ke<?_B<?V"> f�>+X UWT�fg]^J
_BTafg>+KB]^<?KBKB<?V.>O_e<?]�J0KE8
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p�`+J�y�r?<Lt"`I_�\,VgUW_�n�f�TBJ£<?K�`+V.KB_BJ0X9V">Z_B`+J�l�: �4}2VIfgTBX�8gbGr?r+KBVgUW_�n�fgTBJ£_afgKBm,K�J�­,�
J0�0S+_BJ�S+>+X+J0T%fG¢�­�j�V.TBmIK�� 7�J�f�r�p�<L]�J��G|	J0T�fg_e<?>+tO\,i,KB_BJ0]�D�n�`+<?��`9`	fg>+X+rLJ0K
KBV�U�_�n�fgTBJ�<?>+<?_B<Èfgr?<?��fg_e<?V">�fg>+X9KB�a`+J0X+S+r?<?>+tGV">9f�|+TB<LV"TB<?_�iG}	fgKB<?K�8»[zV.KB_�_�fgKemIK�fgTBJ
KB�a`+J0X+S+r?J0X9_BVGJ�­�J0�0S+_eJ�<?>wV.>+J%V�U	_B`+TBJ0J�`	fgTBX+n�fgTBJ�t.J0>+J0T�fg_BJ0X9�0i,�0r?J�T�fg_BJ0K�D»_B`+J
U�fgKB_BJ0Ke_wVgU�n�`+<?�a`�<?K � R��"8�b�l�\�_�fgKBm,KOfgTeJ�t"J0>+J0Tafgr?r?i�KBi,>+��`+TeV">+V"S+K�D�n�`+<?r?J
KBV.]�J£l �GHwR'_afgKBm,K�fgTBJq_BTB<?t"t.J0TBJ0XOfgKeiI>+�a`+TBV">+V"S+Ker?i�},i)J0h"J0>,_BK�8gl �GHwR'_�fgKem"�
<?>+t |2J0T�UWV"TB]^Kwfgr?r�>+V">,��b�l�\�KB|	fg�0J0�0T�foU�_9fg>+X�|	fEiIrLVIfgX5U�S+>+�0_e<?V">+Kw<L>+�0r?S+X+<?>+t
�0r?V,�am�fg>+X�KB�a`+J0X+S+r?J�]�fg>	f�t"J0]�J0>,_�D��0V"]�] fg>+X+<?>+t5hofgrL<?X	fg_B<?V.>�fg>+X J�­+J0�0S,�
_B<LV">�D=_BJ0r?J0]^J0_BTBi5�0V"r?r?J0�0_B<LV">�� U�V.TB]�f�_B_B<?>+t	DYt"TBV"S+>+X'�0V"]^]ZS+>+<?��fg_B<LV">�D+|	Vgn�J0T
�0V">,_BTBV.r�D"|	fEi,r?VIfgX^<?>,_BJ0T�U�fg�0<?>+tZfgK�TBJ��,S+<?TBJ0X�D2fg>+X^U�f�S+r?_�] fg>	fgt"J0]^J0>I_E8
� 8 �+8�./!# "�&' $&( �&% !��/)��  "$ ���	�&1 � 1 '  ���
 .�� �	


p�`+J���r?J0�0_BTB<?��f�r�:�Vgn�J0TÇ\,S+}+KeiIKB_eJ0] ¯��q:£\�°�S+_B<?rL<?�0J0K�UWV"S+T�_BTe<?|+r?Ja�t¬eS+>+�0_B<?V"> tIfgr��
r?<LS+] fgTBKeJ0>+<?X+J9¯�NófgbGK!°GKBV"rÈfgTwfgTBT�fEi�n�<?>+t.K�D�J�fg�a`�|+TBV,X+S+�0<?>+t ± 	�	 8 � j UWV"T
f�_BV"_�fgr�V�U � 	 � j fg_ 	 i"J�f�TBKwJ0>+X,��VgUÈ��r?<�UWJ"8���>+J0TBt"i�UWV"T J0�0r?<?|+KBJZV.|	J0T�fg_e<?V">+K
<?K^KB_BV.TBJ0Xû<?> f ± �'fg]�|2J0TBJa��`+V"S+T^}	fg_B_BJ0Tei4�0V"]�|+Te<?KBJ0X4VgUwJ0r?J0h.J0> �0V.]�]^V">
|+TBJ0KeKBS+TBJ�h"J0KBKBJ0rLK�DgJ�fg�a`O�0V.>I_�f�<?>+<?>+tG_�n�VG>+<?�am"J0r���`,iIX+TBV.t"J0>w�0J0r?rLK�8"p�`+J�}	fg_B_BJ0Tei
��fg>9V"|2J0T�fg_BJ�fg_���²�� X+J0|+_B`,��VgUÈ��X+<?KB�a`	fgTBt"JqUWV"T�_e`+J£UWS+r?r,_B`+TBJ0J�i"J�fgT�X+J0KB<?t.>OrL<�U�J"D
fg>+X)|+TeVoh,<?X+J�S+| _BV �
� ²qj X+S+TB<?>+tG_B`+J�>+V"]^<?>	fgr 	 ��]^<?>,S+_BJ�J0�0rL<?|+KBJ£X+S+Tafg_B<?V">�8
p�`+Jwl�`	fgTBt"J)l�V">,_BTBV"r�FqVIfgTeX�¯�l�l�F�°�S+KeJ0Kóf X+<?TBJ0�0_�J0>+J0TBt"i^_BT�fg>+K�UWJ0T�KBi,KB_BJ0]
fg>+X <?K�}2J0_B_BJ0T�_B`	fg> ����� J����0<?J0>,_�8�p�`+J%fg]^V"S+>,_QV�U��0S+TBTeJ0>I_�|+TBV,X+S+�0J0XO},iG_B`+J
KBV.rsfgT�fgTeT�fEi�<?KG�0V">,_BTBV"rLr?J0X },i |+S+r?KBJa��n�<LX+_B` ]^VIX+S+rÈfg_B<?>+tZy£�qp Ken�<?_B�a`+J0K�}2Ja�
_�n�J0J0>w_B`+JqJ0<?t"`,_�KeV"rsfgT��0J0rLr+�0<?TB�0S+<?_BK�fg>+X9_B`+J�|	Vgn�J0T�}+S+K�8 ��>IS+KBJ0X9KBV.rsfgT�fgTBT�fEi
|2Von�J0T�<LK�X+<?KBKB<L|	fg_BJ0X <?>5_B`+JwKBV.rsfgT�fgTBT�fEi"D,>+V"_G<?> _B`+J KB|	fg�0J0�0T�fEUW_�8	p�`+JOl�l�F
S+KBJ0Kwf^_eJ0]�|2J0T�fg_BS+TBJa���0V.]�|2J0>+K�fg_BJ0X5}	fg_B_BJ0TBi h.V"r?_�fgt.JOfgr?t.V"TB<?_B`+]�_BV�KeJ0_)_B`+J
}	fg_e_BJ0TBi �a`	fgTBt.JZ�0S+TBTBJ0>,_�8�p�`+J :£l�F�X+<LKB_BTB<?}+S+_eJ0K)|	Vgn�J0T)_BV _B`+J KB|	fg�0J0�0T�fEUW_
�0V"]^|	V.>+J0>I_BK�fg>+X |+TeVoh,<?X+J0K�Ken�<?_B�a`+J0X |	Vgn�J0T�_BV9_B`+V"KeJ)�0V"]�|2V">+J0>,_BK�TBJ��,S+<?T��
<?>+t S+>+TeJ0t"S+rsfg_BJ0X�|2Von�J0Twfg_ � � �����E� � ¢O8=��_wfgr?KBV |+TeVoh,<?X+J0K)�0S+TBTeJ0>I_)KBJ0>+KeV"TBK
UWV"T�_BJ0r?J0]^J0_BTBi)]^V">+<?_eV"TB<?>+t�f�>+XZVgh"J0T����0S+TBTBJ0>,_�|+TBV"_eJ0�0_B<?V"> UWV"T£_B`+J�|	Vgn�J0T�}+S+K
fg>+X�S+>+X+J0T���h.V"r?_�fgt.Jwr?VIf�X KB`+J0X+X+<?>+t28�p�`+J9b�SV­+<?r?<sf�TBi�H)Te<?h"J0T)F£V,fgTBXu¯�b�HwF�°
|+TBVgh,<?X+J0K�X+TB<Lh"J�KB<?t">	f�r?K=UWV"T�_B`+Jq��bGH)K�fg>+Xw_e`+J£J0r?J0�0_BTeV"]�f�t">+J0_B<?��_BV"T �,S+J�TBV,X+K�D
fg>+X �0V.>I_BTeV"r?K�_B`+J)KBV"rÈfgT�fgTBT�fEiZn�<L>+tZX+J0|+r?VgiI]^J0>,_BK
� 8 �+8��  "!  "� ) � � ��+ (*�&%"'�(*)�+�1
p�`+J£p�J0r?J0�0V"]^]ZS+>+<?��f�_B<?V">+K+KBS+}+KeiIKB_eJ0] |+TBVghI<LX+J0K�\.��}	fg>+Xw7Gy^r?<?>+m,K=U�V.TQ_eJ0r?J0]�Ja�
_BTei f�>+X��0V"]^] fg>+X�8g��_�<?>+�0r?S+X+J0KGfg>�\.��}	fg>+X _BTafg>+KB|	V.>+X+J0T�]�f�X+J�}Ii^l�<?>+�0<?>,�
>	fg_e<	��r?J0�0_BTeV">+<?�0K�D"fg> 7�y��0V.]Z}+<?>+J0T�Dgfg>Z7Gy�KBn�<?_B�a`�D"fg>+X U�V.S+T£|	fg_B�a`�fg>,_BJ0>,�
>	fgK�r?V,��fg_BJ0XZfg_�_B`+JqU�V.TBn�fgTBX ¯�y�<?t"S+TBJ�±
²�°�fg>+XZfEUW_�KBJ0�0_B<?V">+K�V�U	_B`+J�KB|	fg�0J0�0T�fEUW_
n�`+<L��`�fgTBJ9�0V"]Z}+<?>+J0X�fg>+X�|+TBVghI<LX+Jw>+J�fgTBrLi ��� Ke_BJ0T�fgX+<sf�> S+|+r?<?>+m5�0Vgh"J0T�fgt"J"8
p�`+JqKBi,KB_BJ0]�<?K���f�|	fg}+r?J£V�U+U�S+r?r,X+S+|+r?J�­9V"|	J0T�f�_B<?V">�8�F�fgKeJ0}	fg>+XwX	fg_af�UWV"TB] fg_=<?K
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v�7ócá[�_BVwJ0rL<?]�<L>	fg_BJ�|+`	fgKBJGfg]Z}+<?t"S+<L_B<?J0K�_B`	f�_���fg>ZV,�0�0S+T£<?>Z_e`+J�S+|+r?<?>+m9fg>+X
X+Vgn�>+r?<L>+m�TBJ0�0J0<Lh"J0TBK�8 � mI}+|+K^�0V"]^]�fg>+XôX	fg_�f�<?K F�:£\+� ]�V,X+S+rsfg_BJ0X'V">,_BV
f ±���m+R���KBS+},����f�TBTB<?J0TZV.>û_B`+J�] fg<?> � ² � ²�[�R�� ��fgTeTB<?J0T U�TBJ��,S+J0>+�0i"8�p�`+J
X+Vgn�>+r?<L>+m X	fg_�f^Tafg_BJw<LKw>+V"]^<?>	fgr?rLi � 8 ²Z[�}+|+K�D�fg>+X�_B`+J UWTBJ��IS+J0>+�0iô<?K ��� ± �
[�R��"8
p�`+J%TeJ0�0J0<?h"J0T�<?K �e`	fgTBX+n�<?TeJ0X���_BVG_B`+J�J0KBKBJ0>,_B<sf�r"|	Vgn�J0T�}+S+K£fg>+X9��fg>w>+J0h.J0T

}2J�KBn�<?_B�a`+J0X V ��8�p�`+J�7�y�|	fg_B` _BV4_e`+J�TBJ0�0J0<?h"J0T5�0V">,_�fg<?>+K >+V�KBn�<?_B�a`+J0K
<?>ôV"TBX+J0T)_BV5J0r?<?]^<?>	fg_BJ)TB<LKBm�fgKBKBV,�0<sfg_BJ0X�n�<L_B`5U�fg<Lr?S+TBJ0K�8�p�`+J _BT�fg>+KB]^<?_B_eJ0T�<?K
|+rsf��0J0Xz<L>I_BV Ke_�fg>+X+},i ]^VIX+J9V"T)|2Von�J0TBJ0X�V �4}	J0_�n�J0J0>�X+Vgn�>+r?<L>+m fg�0_B<?h,<?_B<?J0K
_B`+TeV"S+t"`4_B<?]^JZ_�f�t"t"J0X4�0V"]^]�f�>+X+K�8�p�`+J X+Vgn�>+rL<?>+m�Ke<?t">	fgr�<?KZKen�<?_B�a`+J0X4_BV
J0<?_e`+J0TZ_B`+J UWV"TBn�fgTeX4V"T�fEUW_�fg>,_BJ0>+>	fô_BV�fEh"V"<?X4<L>I_BJ0T�U�J0TBJ0>+�0J"8qp�`+J�t"TBV"S+>+X
|+TBVgh,<?X+J0K�_B<L]�Ja��_�f�t"t"J0XG�0V"]�] fg>+X+K=_BVGKBJ0r?J0�0_�_B`+J£}2J0KB_�fg>I_eJ0>+>	f�}	fgKeJ0XwV"> _B`+J
m,>+Vgn�>�KBS+>,��|	V"<L>I_BJ0X'h"J0`+<?�0rLJ f�_B_B<?_BS+X+JZfg>+Xô_B`+JZr?V,V"m.��fg>+t"r?J9_BV _B`+J t"TBV"S+>+X
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